OPTICAL COMMUNICATION SYSTEM, 
METHOD FOR SUPPLYING PUMP LIGHT, AND 
DISTRIBUTED RAMAN AMPLIFYING APPARATUS 



Cross Reference to Related Application 
This application is a continuation application of International Application 
PCT/JPOO/05750, Filed August 25, 2000, and designating the U.S. 

BACKGROUND OF THE INVENTION 
I. Field of the Invention 
This invention relates to an optical communication system, a pump light supplying 
method and a distributed Raman amplifying apparatus which supply pump light in such a 
manner to secure flatness of gain as a function of wavelength, safety of an operator and 
avoidance of optical damage, in the optical communication system where Raman 
amplification is performed in an optical transmission line. 

Z Description of the Related Art 

Recently, with the objective of constructing a future multimedia network, optical 
communication apparatus with ultra-long distance and large capacity is required. Research 
and development on wavelength-division multiplexing (hereinafter abbreviated to "WDM") is 
carried on in order to realize the large capacity, because it has the advantages of utilizing 
efficiently the properties of broad band /large-capacity of an optical fiber and the like. 

Especially in an ultra-long distance optical communication system, the WDM optical 
signal needs to be amplified since the WDM optical signal is attenuated while transmitting in 
the ultra-long distance. 



1 



# • 

A conventional optical communication system includes a transmitting station in 
which the WDM optical signal is generated by multiplexing/demultiplexing a plurality of 
optical signals with different wavelengths from each other, an optical communication line 
which transmits the WDM optical signal sent out from the transmitting station, and a receiving 
station which receives the transmitted WDM optical signal, and further, one or more repeater 
station which has a function of amplifying the WDM optical signal is provided at some 
midpoint in the optical transmission line, as necessary. 

In the optical communication system like the above, waveforms of the respective 
optical signals are equalized due to nonlinear optical effect in the optical transmission line. 
In order to avoid the waveform equalization, it is effective to reduce optical power (optical 
intensity) of the WDM optical signal which is made incident on the optical transmission line. 
Meanwhile, when the optical power is reduced, an optical signal-to-noise ratio becomes 
worse. As the nonlinear optical effects, for example, self-phase modulation, cross-phase 
modulation, four-wave mixing, stimulated Raman scattering (hereinafter abbreviated to 
"SRS"), stimulated Brillouin scattering (hereinafter abbreviated to "SBS") and the like are 
known. 

For this reason, it is proposed using a distributed optical amplifying apparatus which 
uses the optical transmission line also as an optical amplifying medium, together with a 
concentrated optical amplifying apparatus which is provided in the repeater station. For 
example, effectiveness of the Raman amplification is reported in P. B. Hansen, A. Stentz, T. N. 
Nielsen, R. Espinodola, L E. Nelson, A. A. Abramov, "Dense wavelength-division multiplexed 
transmission in "zero-dispersion" DSF by means of hybrid Raman/erubium-doped fiber 
amplifier" (OFC/100C '99), PD8, 1999, and N. Takachio, H. Suzuki, H. Masuda, and M. Koga, 
"32*10 Cb/s distributed Raman amplification transmission with 50-GHz channel spacing in 
the zero-dispersion region over 640 km of 1.55- ju m dispersion-shifted fiber* 




(OFC/IOOC'99), PD9, 1999. 

Moreover, in the Official Gazette of the Japanese Unexamined Patent Application No. 
Hei 03-013836, a method for Raman amplification is disclosed, in which test light is made 
incident on an optical transmission line and backward scattering is detected to obtain its loss 
5 in the optical transmission line, thereby performing the Raman amplification. 

In the Official Gazette of the Japanese Unexamined Patent Application Publication 
No. Hei 10-073852, Raman amplification which broaden a wavelength band by using a 
plurality of pump lights with different wavelengths is disclosed. 

Further, in the Official Gazette of the Japanese Unexamined Patent Application 
10 Publication No. Hei 10-022931, it is disclosed that a pump light source for Raman 
amplification is provided in a repeater station. 

It should be mentioned that the optical amplifying apparatus can be classified into 
the concentrated optical amplifying apparatus and the distributed optical amplifying 
apparatus. The concentrated amplifying apparatus is an optical amplifying apparatus in 
1 5 which the optical amplifying medium and the pump light source are provided in a 
concentrated manner at one spot. For example, a laser diode amplifier and an optical fiber 
amplifier in which an optical fiber as the optical amplifying medium is wound around a bobbin 
or the like are well known. Meanwhile, the distributed optical amplifying apparatus is an 
optical amplifying apparatus in which the optical amplifying medium is laid over a fixed 
20 distance and the pump light source is provided at one side or both sides thereof. For 
example, there is an optical fiber amplifying apparatus. As the optical fiber amplifying 
apparatus, there are an optical fiber amplifier added with a rare earth element, an optical fiber 
amplifier using nonlinear scattering in the optical fiber and the like. 

Physical process of amplifying the light is the same between the concentrated optical 
25 amplifying apparatus and the distributed optical amplifying apparatus, and the main 



difference is whether the optical amplifying medium is put together at one spot or distributed 
over the fixed distance. Further, the distributed optical amplifying apparatus has a 
characteristic that its optical amplifying medium also functions as the optical transmission 
line between the stations for transmitting the optical signals. 

Moreover, as the nonlinear scattering, the SRS, the SBS and the like are known. 

The SRS is a scattering occurring by an interaction with optical phonon of lattice 
vibration, which has a wide gain width and a large frequency shift. The SBS is a scattering 
occurring by an interaction with acoustic phonon of the lattice vibration, which has the 
narrower gain width and the smaller frequency shift than the SRS, but its gain coefficient is 
larger by more than two digits. 

Characteristics of the optical fiber amplifier using the nonlinear scattering are that 
the common optical fiber such as an NZ-DSF and an SMF can be used, that a pump 
wavelength can be set to any amplification wavelengths, that the gain agrees with a 
polarization direction of the pump light, and so on. As the common optical fibers, for 
example, there are a dispersion-shifted optical fiber, a non-zero dispersion-shifted optical 
fiber (hereinafter abbreviated to "NZ-DSF"), a dispersion flat optical fiber, a single-mode 
optical fiber (hereinafter abbreviated to "SMF") and the like. 

It should be noted that all the above Official Gazettes disclose the Raman 
amplification, but do not specifically disclose how to control the pump light used for the 
Raman amplification. When it is disclosed, a complicated circuit is needed for the control. 

Therefore, it is an object of the present invention to provide an optical 
communication system, a method for supplying pump light, and a distributed Raman 
amplifying apparatus in which the Raman amplification with substantially flat gain as a 
function of wavelength can be realized. 

It is another object of the present invention to provide the optical communication 



system, the method for supplying pump light, and the distributed Raman amplifying 
apparatus which are preferable for securing the safety of operators who work with the optical 
communication system. 

It is still another object of the present invention to provide the optical 
communication system, the method for supplying pump light, and the distributed Raman 
amplifying apparatus where occurrence of optical damage in the optical communication 
system is preferably prevented. 

SUMMARY OF THE INVENTION 

The above object is achieved by an optical communication system comprising: a 
transmitting station; an optical transmission line for transmitting an optical signal sent from 
the transmitting station; a receiving station for receiving the optical signal outputted from the 
optical transmission line; a repeater station provided at one point or more in the optical 
transmission line; and pump light sources provided in at least two of the transmitting station, 
the receiving station, and the repeater station, for supplying pump light to the optical 
transmission line, and wherein the pump light has two types or more of wavelength. 

Further, the above object is achieved by an optical communication system 
comprising: a transmitting station; an optical transmission line for transmitting an optical 
signal sent from the transmitting station; a receiving station for receiving the optical signal 
outputted from the optical transmission line; the repeater station provided at one point or 
more in the optical transmission line; a pump light source provided in at least one of the 
transmitting station; the receiving station and the repeater station, for supplying the pump 
light to the optical transmission line; detecting means provided in a station according to a 
pumping method of the pump light, for detecting optical power of the optical signal amplified 
by the pump light; and stopping means provided in a station supplied with the pump light, for 



stopping supply of the pump light when a comparison result between first and second 
detection results is within a predetermined range. The first detection result is obtained by 
the detecting means when a pump light having a first optical power is supplied to said power 
transmission line and the second detection result is obtained by the detecting means when a 
pump light having a second optical power larger than the first optical power is supplied to the 

optical transmission line. 

Furthermore, the above object is achieved by an optical communication system 
comprising: a transmitting station; an optical transmission line for transmitting an optical 
signal with a plurality of wavelength bands sent from the transmitting station; a receiving 
station for receiving the optical signal outputted from the optical transmission line; the 
repeater station provided at one point or more in the optical transmission line; a pump light 
source provided in at least one of the transmitting station, the receiving station, and the 
repeater station, for supplying a plurality of pump lights corresponding to the plurality of 
wavelength bands to the optical transmission line; band detecting means provided in a 
station according to the pumping method of the pump light, for detecting the optical power 
of the optical signal amplified by the pump light in each of the plurality of wavelength bands; 
and band adjusting means provided in a station provided with the pump light source, for 
adjusting the optical powers of the plurality of pump lights according to a detection result 
from the band detecting means so as to keep the optical power of the optical signal detected 
in each of the wavelength bands within a predetermined fixed range,. 

The above object is also achieved by a distributed Raman amplifying apparatus, in 
which a plurality of pump lights: is supplied from at least two points in the optical 
transmission line, which transmits an optical signal; and has two types or more of 
wavelength. 

In the optical communication system and the distributed Raman amplifying 



apparatus, it is possible to obtain substantially flat gain as the function of wavelength since 
the wavelength and the optical power of the pump light are adjusted. 

Furthermore, the above object is achieved by detecting the optical powers of the 
residual pump light, the optical signal, and the reflected pump light to control the optical 
power of the pump light according to the detection result, in the above optical 
communication system. 

In the optical communication system, the safety of an operator can be secured since 
the optical power of the pump light can be controlled while a disconnection of the 
transmission lines is monitored. 

Moreover, the above object is achieved by applying a method for supplying pump 
light comprising: a first step of supplying the pump light having the first optical power to the 
optical transmission line; a second step of detecting the optical power of light Raman- 
amplified by the pump light having the first optical power, a third step of supplying the pump 
light having the second optical power larger than the first optical power, to the optical 
transmission line; a fourth step of detecting the optical power of light Raman-amplified by 
the pump light having the second optical power; and a fifth step of stopping supply of the 
pump light when a comparison result between detection results of the second step and the 
fourth step is within a predetermined range. 

In the pump light supplying method, it is possible to monitor occurrence of optical 
damage at a supplying destination of the pump light and prevent occurrence of optical 
damage during normal operation in the optical transmission fine. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The nature, principle, and utility of the invention will become more apparent from 
the following detailed description when read in conjunction with the accompanying drawings 



in which like parts are designated by identical reference numbers, in which: 

Fig. 1 shows the structure of an optical communication system according to a first 
embodiment; 

Fig. shows a Raman gain coefficient of an optical fiber; 

Fig. 3 shows pump light with a plurality of wavelengths which are different from each 

other; 

Fig. 4 shows pump light with two wavelengths; 

Fig. 5 shows the structure of an optical communication system according to a second 
embodiment; 

Fig. 6 shows the structure of an experimental system; 

Fig. 7 shows Raman amplification by each pump light in the case of an SMF; 

Fig. 8 shows the Raman amplification by each pump light in the case of an NZ-DSF; 

Fig. 9 shows the Raman amplification according to optical power ratio of each pump 

light; 

Fig. 10 shows the structure of an optical communication system according to a third 
embodiment; 

Fig. 1 1 shows the structure of a forward pumping part according to the third 
embodiment; 

Fig. 12 shows the structure of a backward pumping part according to the third 
embodiment; 

Fig. 13 shows time variation in optical power of pump laser light in an optical 
damage test; 

Fig. 14 shows a corresponding table of a pump light number and a pump light 
wavelength; 

Fig. 1 5 shows the structure of a repeater station which includes a residual pump light 
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detecting part according to the third embodiment; 

Fig. 1 6 shows the structure when a low frequency is superimposed on the pump light 
according to the third embodiment; 

Fig. 17 shows the structure of a backward pumping part according to a fourth 
embodiment; 

Fig. 18 shows the structure of a backward pumping part according to a fifth 
embodiment; 

Fig. 1 9 shows the structure of an optical communication system according to a sixth 
embodiment; 

Fig. 20 shows the structure of a forward pumping part according to the sixth 
embodiment; 

Fig. 21 shows the structure of a band detecting part according to the sixth 
embodiment; 

Fig. shows a first structural example of a light source; 

Fig. 23 shows a second structural example of the light source, and 

Fig. 24 shows a third structural example of the light source. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, preferred embodiments of the present invention will be explained based 

on the drawings. Incidentally, the same numerals are given to the same components in the 

respective drawings and explanations thereof are omitted. 

(Structure of a first embodiment) 

The first embodiment relates to an optical communication system according to the 

present invention. 

Fig. 1 shows the structure of the optical communication system according to the first 



embodiment. 

In Fig. 1 , the optical communication system is structured by including a transmitting 
station 1 1, a optical transmission line 12 which transmits an optical signal sent out from the 
transmitting station 11, a receiving station 13 which receives the optical signal outputted 
from the optical transmission line 1 2, and a repeater station 14 which is provided at one point 
or more in the optical transmission line 1 2. Pump light sources 2 1 which supply pump light 
to the optical transmission line 1 2 are provided in at least two of the transmitting station 1 1 , 
the receiving station 1 3 and the repeater stations 14. In the first embodiment, a pump light 
source 21-1 is provided in the transmitting station 1 1, a pump light source 21-2 is provided 
in a repeater station 14-1, a pump light source 21-3 is provided in a repeater station 14-2, 
pump light sources 21-4, 21-5 are provided in a repeater station 14-3, pump light sources 
21-n, 21-n-f 1 are provided in a repeater station 14-m, and a pump light source 21-n+2 is 
provided in the receiving station 13. The pump light source is not provided in a repeater 
station 14-m+1. 

Being multiplexed by the pump light which is supplied from the pump light source 
21-2, the optical signals generated in a transmitter 22 in the transmitting station 1 1 are sent 
out to an optical transmission line 12-1. The optical signals are subjected to Raman 
amplification by the pump light while transmitting through the optical transmission line 12- 
1. 

When the light to be amplified and the pump light are transmitted in the same 
direction as above, it is called as a forward pumping. Further, when the light to be amplified 
and the pump light are transmitted in the opposite directions, it is called as a backward 
pumping, and when the forward pumping and the backward pumping are performed 
simultaneously, it is called as a bidirectional pumping. 

The optical signals transmit through the optical transmission line 12-1 to be made 
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incident on an optical signal processing part 24-1 in the repeater station 14-1. 

When the repeater station 14 has functions of recovering and repeating the optical 
signals, the optical signal processing part 24-1 and optical signal processing parts 24-2, 
24-3, 24-k which will be described later are structured by including an optical amplifier, a 
5 dispersion compensator and the like, and when the repeater station 14 has functions of 
branching/inserting/transmitting the optical signal which is multiplexed from the optical 
signals, these are structured by including an optical add/drop multiplexer. 

The optical signals outputted from the optical signal processing part 24-1 are sent 
out to an optical transmission line 1 2-2 after being multiplexed by the pump light supplied 

10 from the pump light source 21-2. The optical signals transmit through the optical 
transmission line 12-2 to be made incident on the optical signal processing part 24-2 in the 
repeater station 14-2. Meanwhile, the pump light outputted from the pump light source 
21-3 in the repeater station 14-2 is supplied to the optical transmission line 12-2. 
Therefore, the optical signals are Raman -amplified by the bidirectional pumping while these 

1 5 transmit through the optical transmission line 1 2-2. 

The optical signals outputted from the optical signal processing part 24-2 are sent 
out to an optical transmission line 12-3. The optical signals transmit through the optical 
transmission line 12-3 to be made incident on the optical signal processing part 24-3 in the 
repeater station 14-3. Meanwhile, the pump light outputted from the pump light source 

20 21-4 in the repeater station 1 4-3 is supplied to the light transmission line 1 2-3. Therefore, 
the optical signals are Raman-amplified by the backward pumping while these transmit 
through the optical transmission line 12-3. 

The optical signals outputted from the optical signal processing part 24-3 are sent 
out to an optical transmission line 12-4 after being multiplexed by the pump light supplied 

25 from the pump light source 21-5. 



Similarly to the above, the optical signals which transmit through the optical 
transmission line 12 are repeated through multiple stages by the repeater stations 14 to be 
made incident on the repeater station 14-m. Further, the pump light outputted from the 
pump light source 21-n in the repeater station 14-m is supplied to an optical transmission 
line 12-m. The optical signals which are made incident on the repeater station 14-m are 
sent out to an optical transmission line 12-m+1 after being multiplexed by the pump light 
supplied from the pump light source 21-n -hi. Therefore, the optical signals are Raman 
amplified by the forward pumping while these transmit through the optical transmission line 
12-m+1. Thus, the repeater station 14 may have only the function of supplying the pump 
light, without the optical signal processing part 24 being included therein. 

The optical signals transmit through the optical transmission line 12-m+1 to be 
made incident on the optical signal processing part 24 in the repeater station 14-m+1 . The 
optical signals outputted from the optical signal processing part 24-k are sent out to an 
optical transmission line 12-m+2 to be received in a receiver 23 in the receiving station 13. 
Meanwhile, the pump light outputted from the pump light source 21-n+2 in the receiving 
station 13 is supplied to the optical transmission line 12-m+3. Therefore, the optical 
signals Raman-amplified by the backward pumping while these transmit through the optical 
transmission line 12-m+2. 

Moreover, the respective pump lights have two types or more of wavelength. For 
example, the wavelengths of the respective pump lights may be different from each other. 
Furthermore, for example, there may be three types of wavelengths of the pump lights which 
are supplied from the pump light sources 21-1, 21-4, 21-n+2, the pump lights which are 
supplied from the pump light sources 21-2, 21-5, 21-n+l and the pump lights which are 
supplied from the pump light sources 21-3,21 -n. The wavelengths of the respective pump 
lights are suitable as long as there are two or more types thereof, and various cases are 

12 



suitable as described above. 

(Operation and effects of the first embodiment) 

Fig. 2 shows a Raman gain coefficient of an optical fiber. 

Fig. 3 shows a case of the pump light with a plurality of the wavelengths which are 
different from each other. 

Fig. 4 shows a case of the pump light with the two wavelengths. 

Fig. 2 is the view extracted from R. G. Stolen: "Nonlinearity in fiber transmission," 
Proc. IEEE, Vol. 68, PI 232-1 236, 1980. The vertical axes of Fig. 2 and Fig. 4 show the Raman 
gain coefficient displayed in cm/W, and the lateral axes thereof show a frequency shift 
displayed in cm" 1 . The curve in Fig. 2 shows the Raman gain coefficient when the wavelength 
of the pump light is 1/zm only. Incidentally, the Raman gain coefficient becomes 1 /A (A. is 
the wavelength) when the pump light is 1 .5/zm. 

As shown in Fig. 2, the Raman gain coefficient starts to appear at the frequency 
shifted from the frequency of the pump light in approximately 200 (cm -1 ), reaches its 
maximum value at the frequency shifted in approximately 430 (cm" 1 ), takes on a local 
minimum value, takes on a local maximum value again at the frequency shifted in 
approximately 200 (cm 1 ), plummets and disappears after repeating local maximum values 
and local minimum values. It is needless to say that a Raman gain also changes similarly to 
the Raman gain coefficient. 

In the Raman amplification, a range with the high Raman gain coefficient values is 
normally set to be its amplification band. As shown in Fig. 2, in amplifying C-band, for 
example, a range with the high Raman gain coefficient values which are from 420 (cm 1 ) to 
480 (cm -1 ) is set to be its amplification band. 

In this case, the Raman gain is wavelength dependent as described above. 
Therefore, when the light to be amplified is a WDM optical signal, optical powers of the 
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respective optical signals in the WDM optical signal after the amplification are different from 
each other, even when the respective optical powers of the optical signals are equal to each 
other before the amplification. Namely, even when a spectrum of the WDM optical signal 
before the amplification is almost flat, the spectrum after the amplification is tilted. 

In view of the above circumstances, the pump light is allowed to have a plurality of 
the wavelengths, instead of one wavelength. Thereby, the local maximum value (maximum 
value) and the local minimum value are offset by each other because gain as a function of the 
wavelength of the optical communication system as a whole is a composition of the Raman 
gains by each pump light as shown in Fig. 3, whereby the gain as the function of wavelength 
becomes almost flat. 

Focusing on an optical signal in the WDM optical signal, the signal is amplified with 
the Raman gain coefficient of the local minimum value by the pump light supplied from a 
station and meanwhile, it is amplified with the Raman gain coefficient with the local maximum 
value (maximum value) by the pump light supplied from another station, while it is 
transmitted from the transmitting station 1 1 to the receiving station 1 3. For this reason, the 
optical powers of the respective optical signals in the WDM optical signal which are Raman- 
amplified, become almost equal to each other while these are transmitted from the 
transmitting station 1 1 to the receiving station 1 3. 

Therefore, according to the first embodiment, the optical signals can be Raman- 
amplified in the optical transmission line without having a gain tilt, so that ultra-long distance 
transmission thereof is made possible. 

According to the first embodiment, the pump light with the plurality of the 
wavelengths which are different from each other are supplied from the pump light sources 
provided in the respective stations, and the wavelengths of the respective pump light sources 
are set when the optical communication system is installed. 
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incidentally, it is suitable to provide a centra, control unit which collectively controls 
the settings of the wavelengths, so as to designate the wavelengths through communication 
lines to the respective pump light sources. Further, it is also suitable to provide a table of the 
wavelengths to be set in the respective pump light sources so as to refer to the wavelengths 
of the other pump light sources and select the wavelength which is not used by the other 
pump light sources from the tab.e to set it as the wavelength of its own. Furthermore, it is 
also suitable to set the wavelengths of the respective pump light sources to make the rounds 
thereof. In other words, for example, a first wavelength, a second wavelength, a third 
wavelength, the first wavelength, the second wavelength, the third wavelength, the first 
wavelength - are set to a first pump light source, a second pump light source, a third pump 
light source, a fourth pump light source, a fifth pump light source, a sixth pump light source, 
a seventh pump light source -, respectively. 

incidentally, Fig. 2 shows the Raman gain coefficient of the optical fiber made of 
silica glass. However, with regard to the Raman gain coefficient in an optical glass fiber, the 
Raman gain is a phenomenon occurring due to an interaction with optica, phonon in the 
optica, fiber, and the glass comprising the optica, fiber is an amorphous so.id. and therefore, 
the Raman gain coefficient of other optica, fibers a.so has ripp.es of the .oca. maximum va.ue 
and the local minimum value in the range with the high Raman gain coefficient values. 
(Preferred embodiments of the first embodiment) 

In the optical communication system according to the first embodiment, it is 
preferable that an interval between a minimum value and a maximum value of a wavelength 
of each pump light coincides a width of the amplifying wavelength band when the first 
maximum value on a longer wavelength side of a wavelength, which starts showing Raman 
gain generated by one of the pump lights, coincides with a center wavelength of the 
S amplifying wavelength band to be amplified, in the Raman gain as the function of 
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wavelength,. 

Therefore, *. g a,n as ,he funcdon of wavelength of adesired ampuflcauon oand car. 
te ^ fl a TO neds i nce th . I -a ng ,n appears w^anxed.n.e^frorn.he^.Hof 

the pump light, as is clear from Fig. 2, 

Furt her, in ,he op,ica, con— ion s,s,em accords .0 «he flrs, embody, *. 
pump ,i g h, has *. flrs, wave,en g ,h and ,he second wave,e„ g ,h. and prefera*. an in«erv, 
„ ,he flrs, and *. second wave,eng,hs - se, egoa, ,o an interv, b— a flrs. 
— vaiue on a ionger wave,eng,h - of a wavelength, which s,arts showing ,he 
tom a„ g ,,a„daflrs,^n, i n ln ,u m va 1U eo„ t he to n g erwave 1 en g ,hs 1 deo,.e m ax lmU n, 

10 value, in .he Raman gain as .he funcion of W„e1en g .h. 

Furt herm„re, in .he optica, comn.unica.ion svsfem accordin. .o .he flrs. 

v(av e 1 en,hispreferahWse.s„.ha,a fl rs.ma,imumva 1 ueon.he,o„ g erwa« te n,hs,deo,a 
_,e„ g ,h,.hichs t a rt ssho,in g asecond R aman g ain g enera.edh ¥ d,epump 1 i g h.wi,h,e 

, 5 5 ec„nd waveiength. substand* coincides with a ioca, minimum vaiue on a ,on g er 
wa ve te ng,h side of a wave,e„ g ,h. which starts showing a flrs, Raman 9 ain g e„era,ed b ¥ ,e 

pump light with the first wavelength. 

^ (oca, minimumvaiueof ,he Raman g ain h y , he f,rs, wave,e„ g ,h <a,oca, minimum 
val „e of a cha.c.eds.ic curve A) is offse, h y me maximum vaiue of .he Raman g .in W me 

, f =, rh^rarteristic curve B) as shown in Fig. 4, thereby 
20 second wavelength (a maximum value of a charactenst.c cu 

red ucing wavelength dependency of the gain in the amplification band. 

ln the optica, communication system according to the first embodiment, ,t - 

c u *u a shielding part for shielding the pump light in the optical 
preferable to further provide a shielding p* 

♦ ti, A cation supplied with the pump light in 
transmission line 1 2 inside the station opposing to the station supp 

2 5 the transmission direction of the pump light. 
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When the optical power of the pump light is strong, the pump light reaches the 
opposing station as a residual pump light because the pump light is not completely 
consumed for the Raman amplification in the optical transmission line 12. When gain 
control or monitoring the connection of the optical transmission line or the like to an output 
side are performed by the opposing station detecting the optical power of the light at the 
output side, the control and the monitoring may malfunction due to the residual pump light. 
The malfunctions can be prevented by providing the shielding part as described above. 

The opposing station is a subsequent station in the case of the forward pumping and 
a preceding station in the case of the backward pumping. 

Furthermore, in the optical communication system according to the first 
embodiment, it is preferable to further include: a residual light detecting part provided in a 
station opposing, in the transmission direction of the pump light, to the station supplied with 
the pump light, for detecting the optical power of the residual pump light of the pump light; 
an adjusting part provided in the station supplied with the pump light, for adjusting the 
optical power of the pump light so that detection results from the residual light detecting part 
falls within a predetermined fixed range; and a detection result transmitting part which 
transmits the detection results from the residual light detecting part to the adjusting part. 

The Raman amplification depends on an effective cross section area of the optical 
transmission line 12, loss in the optical fiber itself used as the optical transmission line 12, 
and splice loss in the optical transmission line 12 between the respective stations. Further, 
the existing optical fibers are usually used as the optical transmission line 12 for the Raman 
amplification. For this reason, it is unknown how the optical fibers are connected to each 
other, and hence the splice loss is also unknown. 

As described above, it is possible to perform the actual measurement of the splice 
loss in the optical transmission line 12 with regard to the wavelength of the pump light by 
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measuring the optical power of the residual pump light, thereby controlling the Raman gain 
with more accuracy. 

Moreover, in the optical communication system according to the first embodiment, it 
is preferable to further include: the residual light detecting part provided in a station 
5 opposing to the station supplied with the pump light in the transmission direction of the 
pump light, for detecting the optical power of the residual pump light of the pump light; a 
stopping part provided in a station supplied with the pump light, for stopping supply of the 
pump light when the detection result from the residual light detecting part is lower than or 
equal to a predetermined value; and a detection result transmitting part which transmits the 
5 1 0 detection result from the residual light detecting part to the stopping part, 
fll when th e residual pump light is not detected even though the pump light is supplied, 

the optical transmission line 1 2 is not connected to the opposing station, or anomaly such as 
disconnection occurs in the optical transmission line 12. In the optical communication 
system, the disconnection and the anomaly can be detected to stop the supply of the pump 
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fi 1 5 light:, which assures safety of operators. 
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Furthermore, in the optical communication system according to the first 
embodiment, it is preferable to further include an optical signal detecting part provided in a 
station supplied with the pump light, for detecting the optical power of the optical signals and 
a stopping part which stops the supply of the pump light when the detection result from the 
20 optical signal detecting part is outside a predetermined fixed range. 

The optical power of the optical signal being outside the fixed range means that it is 
smaller or larger than a fixed value. In the former case, the optical transmission line 1 2 is 
not connected to an input side, and hence the safety of the operators can be assured by 
inhibiting the supply of the pump light. In the latter case, the pump light is too strong, and 
25 hence stopping the supply of the pump light prevents optical components such as an optical 
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amplifier to be subsequently connected, from being broken. 

Moreover, in the optical communication system according ,o the firs, embodiment, it 
is preferable ,0 further include a reflected light detecting par, provided in a station supplied 
with the pump light, for detecting the optical power of reflected pump light of .he pump ligh, 
5 and a s.opping par, which s.ops .he supp.y of .he pump ligh, when .he de,ec,ion resul, from 
the reflected ligh, detecting part is higher than a predetermined value. In the above 
structure, I, is preferable ,o further include a superimposing part which superimposes a low 
frequency on ,he pump light, and the stopping part preferably detects ,he low frequency ,o 
verify ,hat I, is the pump ligh, supplied from itself. 
% ,0 When the optical transmission line 1 2 which should supply the pump light 

conneced or an anomaly such as a disconnect occurs in ,he optical transmission line 1 2. 
,he pump ligh, is refleced. Monitoring ,he reflected pump ligh, makes i, possible ,o detect 
« ,he disconnecion and ,h« anomaly a. a supplying destination, which assures ,he safety of ,he 

k operated Further, when ,he waveleng,hs of ,he respective pump lights are close ,o each 

S , 5 „,her under , he above condidon, i, may be difficult distinguish the reflected pump ligh.of 
,he pump ligh, supplied from uself ,o ,he optical transmission line 1 2 from ,he residual pump 
light of .he pump ligh, supplied from i«s opposing s«a.ion. For .his reason, .he low 
frequency is superimposed on the pump ligh, and i. is verified whe.her .he low frequency is 
included in ,he ligh, which is detected by ,he refleced ligh, detecting part, which makes i, 
20 possible «o verify ,ha, i, is ,he pump ligh, supplied from ,,self in .be optical communication 
system. Tfrus. ,he detecting par, can surely detec, ,he reflected pump ligh, so ,ha, ,he 
malfunctions due to detection of the residual pump ligh, can be prevented. 

Furthermore, in .he optical communication system according to dte first 
embodiment, it is preferable to further include a detecting part provided in a station 
25 according to a pumping method of the pump light, for detecting the optical power of the 
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optical signals amplified by the pump light and a stopping part provided in a station supplied 
with the pump light, for stopping the supply of the pump light when a comparison result 
between a first detection result and a second detection result is within a predetermined range. 
The first detection result is obtained by the detecting part when the pump light having a first 
optical power is supplied to the optical transmission line 1 2 and the second detection result is 
obtained by the detecting part when the pump light having a second optical power larger than 
the first optical power is supplied to the optical transmission line 1 2. The stopping part may 
give a warning of anomaly occurring at the supplying destination. 

When the pump light is supplied to the optical transmission line 12, oil and dust 
3 adhering to connectors connecting the stations with the optical transmission line 1 2 and end 

surfaces of the optical fibers as the optical transmission line 1 2 may burn thereinto because 

of the pump light, which causes an optical damage in the optical transmission line 12. 

Namely, the anomaly occurs at the supplying destination of the pump light because of the 

optical damage. 

5 For this reason, the pump light having the second optical power, which is larger than 

that of the pump light used during the operation of the optical communication system, is 
supplied to the optical transmission line before the operation, which may cause optical 
damage in the optical transmission line. Since the optical damage can be detected in the 
optical communication system by comparing the first detection result and the second 
20 detection result, the optical damage given during the operation can be avoided. 

It should be mentioned that the detecting part is provided in the opposing station in 
the transmission direction of the pump light in the case of the forward pumping, and 
provided in the station which supplies the pump light in the case of the backward pumping. 
Next, another embodiment will be explained. 
25 (Structure of a second embodiment) 
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The second embodiment relates to an optical communication system according to 

the present invention. 

Fig. 5 shows the structure of the optical communication system according to the 

second embodiment. 

5 In Fig. 5, the optical communication system is structured by including a transmitting 

station 51, an optical transmission line 52 which transmit optical signals with a plurality of 
wavelengths sent out from the transmitting station 5 1 , a receiving station 53 which receives 
the optical signals outputted from the optical transmission line 52, and a repeater station 54 
which is provided at one point or more in the optical transmission line 52. 
K io Further, a backward pumping part 63 is provided at least one of the transmitting 

| station 5 1 , the receiving station 53 and the repeater stations 54. In the second embodiment, 

5 the backward pumping parts 63 are provided in repeater stations 54-1. 54-2 and the 

^ receiving station 53, and the backward pumping part 63 is not provided in a repeater station 

ru 54 " 3 - 

£ ! 5 The backward pumping part 63 is structured by including a pump light source 71 , a 

S band detecting part 72 and a band adjusting part 73 provided in the station in which the 

pump light source 71 is provided. 

Incidentally, in the case of a forward pumping, the band detecting part 72 is provided 
in the station opposing, in a transmission direction of pump light, to the station in which the 
20 pump light source 71 and the band adjusting part 73 are provided, that is, in the station 
connected on a subsequent stage. Thus, the band detecting part 72 is provided in the 
respective stations correspondingly to a pumping method of the pump light. 

The optical signals with a plurality of wavelength bands generated in the transmitting 
station 51 are sent out to an optical transmission line 52-1. The transmitting station 51 is 
25 structured by including a plurality of signal generating parts 61 each of which generates an 
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optical signal with one wavelength band and a WDM coupler 62 which multiplexes the 
generated optical signals with the respective wavelength bands. Further, the signal 
generating part 61 is structured by including, for example, a plurality of transmitters each of 
which generates an optical signal with one wavelength and a WDM coupler which multiplexes 
the plurality of the generated optical signals. 

The optical signals transmit through the optical transmission line 52-1 to be made 
incident on the band detecting part 72 in a backward pumping: part 63-1 in the repeater 
station 54-1. The pump light source 71 in the backward pumping part 63-1 supplies a 
plurality of the pump lights corresponding to a plurality of the wavelength bands to the 
optical transmission line 52-1. Therefore, the optical signals with the plurality of the 
wavelength bands are subjected to Raman amplification by the plurality of the pump lights 
while transmitting through the optical transmission line 52-1. 

The band detecting part 72 detects optical powers of the optical signals which are 
amplified by the pump light by each of the plurality of the wavelength bands. Then, the band 
detecting part 72 outputs its detection results to the band adjusting part 73. 

The band adjusting part 73 adjusts the respective optical powers of the plurality of 
the pump lights so that the optical powers of the optical signals which are detected by each of 
the plurality of the wavelength bands fall within a predetermined fixed range, based on the 
detection results of the band detecting part 72. 

The optical signals with the plurality of the wavelength bands outputted from the 
band detecting part 72 are made incident on a WDM coupler 64-1 and demultiplexed by each 
wavelength band. The demultiplexed optical signals are respectively made incident on 
optical amplifiers 65 and amplified therein. The amplified optical signals are made incident 
on a WDM coupler 66-1 and multiplexed therein to become the optical signals with the 
plurality of the wavelength bands again. The optical signals are sent out from the repeater 
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station 54-1 to an optical transmission line 52-2. 

The optical signals transmit through the optical transmission line 52-2 to be made 
incident on a backward pumping part 63-2 in the repeater station 54-2, and similarly to the 
above, the adjusted pump lights are supplied to the optical transmission line 52-1. 
5 Therefore, the optical signals are Raman-amplified by the plurality of the pump lights while 
transmitting through the optical transmission line 52-2. 

The optical signals with the plurality of the wavelength bands outputted from the 
backward pumping part 63-2 are made incident on a WDM coupler 64-2 and demultiplexed 
by each wavelength band. The demultiplexed optical signals are respectively made incident 

p 10 on optical add/drop multiplexers (hereinafter abbreviated to "OADM") 67 from/to/through 

Z'.l 

riJ which the optical signals are branched/inserted/passed. The optical signals outputted 

. respectively from the OADM 67 are made incident on a WDM coupler 66-2 and multiplexed 
therein to become the optical signals with the plurality of the wavelength bands again. The 
TH optical signals are sent out from the repeater station 54-2 to an optical transmission line 

€) 15 52-3. 

The optical signals transmit through the optical transmission line 52-3 to be made 
incident on a WDM coupler 64-3 in the repeater station 54-3 and demultiplexed by each 
wavelength band. The demultiplexed optical signals are respectively made incident on 
optical amplifiers 65 and amplified therein. The amplified optical signals are respectively 
20 made incident on a WDM coupler 66-3 and multiplexed therein to become the optical signals 
with the plurality of the wavelength bands again. The optical signals are sent out from the 
repeater station 54-3 to the optical transmission line 52. 

Similarly, the optical signals with the plurality of the wavelength bands are repeated 
through multiple stages, made incident on a backward pumping part 63-j in the receiving 
25 station 53 from an optical transmission line 52-h, and the adjusted pump lights are supplied 
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to the optical transmission line 52-h as described above. Therefore, the optical signals are 
Raman amplified by the plurality of the pump lights while transmitting through the optical 
transmission line 52-h. 

The optical signals with the plurality of the wavelength bands outputted from the 
backward pumping part 63-j are made incident on a WDM coupler 64-8 and demultiplexed 
by each wavelength band. The demultiplexed optical signals are respectively received and 
processed by signal receiving parts 68. 

The signal receiving part 68 is structured by including, for example, a WDM coupler 
for demultiplexing the optical signals by each wavelength, which are already demultiplexed 
by each wavelength band and a receiver for receiving and processing the optical signals. 
(Operation and effects of the second embodiment) 

Experiments are carried out to find out how the respective optical powers of the 
plurality of the pump lights should be adjusted in order to keep the optical powers of the 
optical signals, which are detected by each of the plurality of the wavelength bands, within the 
predetermined fixed range, in the aforementioned optical communication system. 

Fig. 6 shows the structure of an experimental system. 

Fig. 7 shows the Raman amplification by each pump light in the case of an SMF. 
Fig. 8 shows the Raman amplification by each pump light in the case of an NZ-DSF. 
Fig. 9 shows the Raman amplification by optical power ratio of the respective pump 

lights. 

The vertical axes of Fig. 7 and Fig. 8 show the optical power of the light outputted 
from the optical fiber, displayed in dBm, and the lateral axes thereof show the wavelength 
displayed in nm. The vertical axis of Fig. 9 shows the optical power displayed in dBm, and 
the lateral axis thereof shows the wavelength displayed in nm. 

The experimental system will be explained. 
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In Fig. 6, optical signals which are generated in 32 transmitters (hereinafter 
abbreviated to "OS") 81 are made incident on a WDM coupler 83 and multiplexed therein. 
The respective wavelengths of the 32 optical signals which are generated in the OSs 81 are set 
to the G-band with intervals of 0.8 nm therebetween, in compliance with the ITU-T 
5 recommendation. Similarly, 32 OSs 82 and a WDM coupler 84 generate 32-wave WDM 
optical signals which are set to L-band with intervals of 0.8 nm therebetween. The 32-wave 
WDM optical signal of the C-band and the 32-wave WDM optical signal of the L-band are 
respectively amplified in optical amplifiers 86, 87. The amplified WDM optical signals are 
respectively made incident on a WDM coupler 88 and multiplexed therein to become the WDM 

s . 

Esss 

P 1 0 optical signal with two wavelength bands. The WDM optical signal with the two wavelength 

5 

Til bands is made incident on an optical fiber 89 in the length of 100 km. In this experiment, 

t 

the experiments about the SMF and the NZ-DSF are carried out as the optical fiber 89. 

ui 

Incidentally, the wavelengths of the C-band are from 1 530 nm to 1 570 nm and the 

h" 

hj wavelengths of the L-band are from 1 570 nm to 1610 nm. 

M 

y!i 15 Meanwhile, respective laser lights outputted from two laser diodes (hereinafter 

□ 

r sb abbreviated to "LD") 94 are multiplexed one another in a coupler 93 to be made incident on a 

WDM coupler 92. The laser light with the wavelength of 1430 nm are oscillated by the 
respective LDs 94. Similarly, respective laser lights with the wavelength of 1480 nm, which 
are outputted from LDs 96 are multiplexed one another in a coupler 95 to be made incident 

20 on the WDM coupler 92. The LDs 94, 96 are Fabry-Perot laser diodes whose wavelength is 
not stable. Hence, mode hopping and the like occur thereby. 

The WDM coupler 92 multiplexes the laser light of 1430 nm and the laser light of 
1480 nm. The multiplexed laser light is made incident on a WDM coupler 90 as the pump 
light including the two wavelengths. 

25 The WDM optical signal with the two wavelength bands which is made incident on the 
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optical fiber 89 is subjected to the Raman amplification while being supplied with the pump 
light with the two wavelengths through the WDM coupler 90 from the opposite end to the 
inputted end. The optical signals which are respectively set to the C-band are subjected to 
the Raman amplification mainly by the laser light of 1430 nm, and the optical signals which 
5 are respectively set to the L-band are subjected to the Raman amplification mainly by the 
laser light of 1480 nm. 

After the Raman amplification, the WDM optical signal with the two wavelength 
bands is made incident on an optical spectrum analyzer (hereinafter abbreviated to "OSA") 91 , 
and the spectrums of the optical signal is measured therein. 
1 0 This experimental system simulates a relay block such as the transmitting station 5 1 



LDs 94 and LDs 96 correspond to the pump light sources which supply the plurality of the 
pump lights, the OSA 91 corresponds to the band detecting part, and a drive circuit (not 



First, the SMF is used as the optical fiber 89, and the optical power of the optical 
signal when it is made incident on the optical fiber 89 is set to +5 dBm/channel, and the 
experiments are carried out by variously changing the channel number of the optical signals 
and supply conditions of the pump light. Hereinafter, the channel is abbreviated to "ch. w 
20 The conditions are: the channel number is 64 and the pump light is supplied (•), the channel 
number is 64 and the pump light is not supplied (x), the channel number is 32 of the C-band 
and the pump light is supplied (▲), the channel number is 32 of the L-band and the pump 
light is supplied (■), the channel number is 1 and the pump light is supplied (O), and the 
channel number is 1 and the pump light is not supplied(D). The pump light is oscillated by 
25 feeding a drive current of 800 mA to the LDs 94-1, 94-2, LDs 96-1, 96-2, respectively. 
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to the repeater station 54-1, and the repeater station 54-1 to the repeater station 54-2. 



Further, the C-band and the L-band are set as the plurality of the wavelength bands. The 




The results are shown in Fig. 7. 

Next, the NZ-DSF is used as the optical fiber 89, and the optical power of the optical 
signal when it is made incident on the optical fiber 89 is set to +0 dBm/ch., and the 
experiments are carried out by changing the channel number of the optical signals and the 
supply conditions of the pump light. The conditions are: the channel number is 64 and the 
pump light is supplied (•), the channel number is 64 and the pump light is not supplied (x), 
the channel number is 32 of the C-band and the pump light is supplied (A), the channel 
number is 32 of the C-band and the pump light is not supplied (550, the channel number is 32 
of the L-band and the pump light is supplied (■), and the channel number is 32 of the L-band 
and the pump light is not supplied(crosshatched O). The pump light is oscillated by feeding 
the drive current of 800 mA to the LDs 94-1 , 94-2, LDs 96-1 , 96-2, respectively. 

The results are shown in Fig. 8. 

As is clear from Fig. 7 and Fig. 8, although the WDM optical signal with the two 
wavelength bands is amplified by the pump light in the optical fiber, the 32-wave WDM 
optical signal of the L-band is amplified to a larger extent than the 32-wave WDM optical 
signal of the C-band, which result in a deviation of the optical powers between the two. In 
other words, the deviation of the gain is caused between the wavelength bands. 

This may be caused by wavelength dependency of the Raman gain coefficient and the 
fact that the optical signal on a short wavelength side functions as the pump light to the 
optical signal on a long wavelength side. 

Next, experiments are carried out in order to eliminate the deviation of the gain 
between the wavelength bands. 

In the experiments, the oscillation wavelength of the LDs 94 is changed to 1 440 nm, 
the drive current fed to the LDs 94 is fixed to 800 mA, and meanwhile, the drive current fed to 
the LDs 96 is changed. The drive current is changed toOmA(x), 1 00 mA (♦), 200 mA (■), 
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300 mA (▲), 400 mA (JK), 500 mA (•) and 600 mA (+). The NZ-DSF is used as the optical 
fiber 89 and the optical power of the optical signal when it is made incident thereon is set to 
+0 dBm/ch. 

The results are shown in Fig. 9. 

As is clear from Fig. 9, the deviation of the gain between the wavelength bands is 
kept to a minimum when the drive current of the LDs 96 is fixed to 300 mA, under the 
above-mentioned experimental system and experimental conditions. 

Incidentally, the optical power of the pump light on the short wavelength side 
(optical power of the laser light outputted from the coupler 93) is +21.5 dBm, and the optical 
power of the pump light on the long wavelength side (optical power of the laser light 
outputted from the coupler 95) is -hi 9.4 dBm. 

Next, the SMF is used as the optical fiber 89, and the optical power of the optical 
signal when it is made incident thereon is set to +5 dBm/ch., and similar experiments are 
carried out. As this result, the deviation of the gain between the wavelength bands is 
minimized when the optical power of the pump light on the short wavelength side is +21.5 
dBm and the optical power of the pump light on the long wavelength side is +20.4 dBm. 

It should be noted that the oscillation wavelength of the LDs 94 is changed because 
the deviation of the gain between the wavelength bands become smaller in the case of 1440 
nm than 1430 nm, although the experimental result is not shown. As is clear from Fig. 2, 
this may be because the characteristic curve is asymmetrical before/after the maximum value 
of the Raman gain coefficient. 

As is clear from this experimental results, the deviation between the wavelength 
bands can be kept within the predetermined range which is required by the optical 
communication system, by adjusting the respective optical powers of the plurality of the 
pump lights in the band adjusting part 73 so that the optical powers of the optical signals 
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which are detected by each of the plurality of the wavelength bands are kept within the 
predetermined range, based on the detection results which are detected by the band 
detecting part 72 by each wavelength band. 

The current of 200 mA or 400 mA may be practically supplied without problems to 
the respective LDs 96 shown in Fig. 9, if the accuracy required for the optical communication 
system permits. 

Incidentally, although the experiments are carried out based on the particular 
conditions, it is needless to say that the experiments can be carried out by changing its 
conditions according to the optical communication system. 

Moreover, in the second embodiment, the respective optical powers of the plurality 
of the pump lights are subjected to feedback control based on the detection results of the 
band detecting part 72, but it is suitable to carry out experiments beforehand based on the 
type of the optical transmission line 52 between the stations, transmission distance and the 
optical power of the optical signal when it is made incident, similarly to the above, so that the 
optical powers of the respective pump lights are determined based on the experimental 
results to be set in the optical communication system during its initialization. 

Further, the experiments are carried out beforehand by changing the type of the 
optical transmission line 52, the transmission distance and the optical power of the optical 
signal when its is made incident, similarly to the above, so that data including various 
patterns are prepared as a table. Then, a storing part in which the table is stored is provided 
in the backward pumping part 63, and information such as the transmission distance of the 
optical transmission line 52, the type of the optical fiber and a level diagram is provided to the 
backward pumping part 63, so that it selects the optical powers of the respective pump lights 
from the table. 

Furthermore, theoretical calculation of the Raman amplification is possible without 
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the experiments. 

(Preferred embodiments of the second embodiment) 

In the optical communication system according to the second embodiment, the 
plurality of the wavelength bands are the C-band and the L-band, and the plurality of the 
pump lights preferably have the wavelengths of 1440 nm and 1485 nm. 

When the plurality of the wavelength bands are the C-band and the L-band, the 
wavelengths of the respective pump lights are preferably 1440 nm and 1485 nm for the 
effective Raman amplification, in consideration of the wavelengths of the respective bands. 

Moreover, in the optical communication system according to the second 
embodiment, the pump light source is the laser light source from which the laser lights with 
the wavelengths of 1440 nm, 1450 nm and 1485 nm are oscillated, and it is preferable to 
further include a controlling part, provided in the station in which the pump light source is 
provided, which controls the pump light source so that the laser light with the wavelength of 
1450 nm is outputted when the optical signals in the G-band only are transmitted, the laser 
light with the wavelength of 1485 nm is outputted when the optical signals in the L-band only 
are transmitted, and the laser lights with the wavelengths of 1440 nm and 1485 nm are 
outputted when the optical signals in the C-band and the L-band are transmitted. 

In consideration of the operation of the optical communication system, the optical 
signals in the C-band only may be transmitted, the optical signals in the L-band only may be 
transmitted or the optical signals in the C-band and the L-band may be transmitted. In such 
cases, the Raman amplification can be performed efficiently by changing the pumping 
wavelength on the short wavelength side, because the wavelength dependency of the Raman 
gain coefficient is asymmetrical. 

Therefore, with the above structure, the wavelength of the pump light can be 
changed according to the operational condition of the optical communication system, thereby 
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allowing to amplify the optical signals efficiently. 

Next, another embodiment will be explained. 
(Structure of a third embodiment) 

The third embodiment relates to an optical communication system according to the 
present invention. 

Fig. 10 shows the structure of the optical communication system according to the 
third embodiment. 

In Fig. 10, the optical communication system includes a transmitting station 101 in 
which a WDM optical signal is generated, an optical transmission line 1 02 which transmits the 
generated WDM optical signal, and a receiving station 103 which receives and processes the 
transmitted WDM optical signal, and further, one or more repeater station 104 is provided at 
some midpoint in the optical transmission line 102, as necessary. 

The repeater station 104 has, as will be later-described, a function of supplying 
pump light used for Raman amplification in the optical transmission line 102, a function of 
amplifying the optical signal inside its own station, an ADM (add/drop multiplexer) function 
for branching/inserting/passing the optical signal from/to/through the WDM optical signal, 
and the like, as necessary. 

The transmitting station 101 is structured by including a plurality of OSs 111, a WDM 
coupler 1 1 2, an optical amplifier 113-1, and a forward pumping part 114-1. 

The OS 1 1 1 generates an optical signal corresponding to each ch. of the WDM optical 
signal. For example, the OS 1 1 1 is structured by including an LD and an optical modulator. 
The LD emits laser light with a wavelength corresponding to each ch., and the laser light is 
externally modulated by the optical modulator according to information to be transmitted. 
Each of the channels is, for example, set to a predetermined wavelength band (band) with 
intervals of 0.8 mm or 0.4 mm therebetween, in compliance with the ITU-T recommendation. 
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The OSs 1 1 1 are prepared by the number corresponding to the number of ch. of the WDM 
optical signal, and in the case of the 32-wave WDM optical signal, for example, the 32 OSs are 
prepared. 

The optical signals outputted from the respective OSs 111 are made incident on the 
WDM coupler 112, in which the wavelengths thereof are multiplexed to become the WDM 
optical signal. As the WDM coupler 1 1 2, for example, a dielectric multi-layered film filter 
which is one of interference filters, and an arrayed waveguide grating can be used. 

The WDM optical signal outputted from the WDM coupler 1 12 is made incident on 
the optical amplifier 113-1 which amplifies the light. The optical amplifier 113-1 is a 
concentrated type optical amplifier and, for example, a laser diode amplifier, an optical fiber 
amplifier and the like are used. 

The optical fiber amplifier is, for example, an optical fiber amplifier added with a rare 
earth element. The added rare earth element is selected according to the wavelength band 
to be amplified, and an erbium element is selected in the case of the wavelength band of 
1550 nm. The erbium element is one of the rare earth elements of lanthanoid, whose 
elemental symbol is Er and atomic number is 68. The properties of the elements which 
belong to the lanthanoid are similar to each other. The rare earth elements which amplifies 
the other wavelengths are neodymium (Nd, 1060 nm wavelength band, 1300 nm wavelength 
band), praseodymium (Pr, 1300 nm wavelength band), thulium (Tm, 1450 nm wavelength 
band) and the like. 

A lower limit value of an output optical level of the optical amplifier 113-1 is 
determined based on transmission loss, transmission distance and the like of an optical fiber 
102-1 so that the WDM optical signal which is transmitted to a repeater station 104-1 on its 
subsequent stage can be recognized and recovered in the repeater station 104-1 . An upper 
limit value of the output optical level of the optical amplifier 113-1 is determined based on 
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the type of the optical transmission line 102-1 so that a nonlinear optical phenomenon does 
not occur in the optical communication line 1 02-1 to such an extent that the repeater station 
104-1 on the subsequent stage cannot recognize and recover the WDM optical signal. This 
similarly applies to optical amplifiers 113-2, 113-3, 113-4, 113-k which will be 
5 described later. 

The WDM optical signal which is amplified in the optical amplifier 113-1 is made 
incident on the forward pumping part 114-1. In the forward pumping part 114-1, the 
wavelengths of the pump light for the Raman amplification and the WDM optical signal are 
multiplexed, and the pump light is outputted to the optical transmission line 102-1. Its 

scrs 

q 10 structure will be described later with forward pumping parts 1 14-2, 1 14-3. 



The WDM optical signal including the pump light which is outputted from the 
forward pumping part 114-1 is outputted to the optical transmission line 102-1 as the 
output from the transmitting station 101, and made incident on a backward pumping part 
1 1 5-1 in the repeater station 1 04-1 . 



wavelengths of the pump light for the Raman amplification and the WDM optical signal are 
multiplexed, and the pump light is outputted to the optical transmission line 102-1. Its 
structure will be described later with backward pumping parts 1 15-2, 1 15^-3, — , 1 15-j. 

The WDM optical signal sent out from the transmitting station 101 to the optical 
20 transmission line 102-1, is Raman-amplified in the optical transmission line 102 by the 
pump light supplied from the forward pumping part 114-1 in the transmitting station 101 
and the pump light supplied from the backward pumping part 1 15-1 in the repeater station 
104-1, and made incident on the backward pumping part 115-1 in the repeater station 
1 04-1 . Therefore, the WDM optical signal which transmits through the optical transmission 




Meanwhile, in the backward pumping part 1 1 5-1 in the repeater station 104-1, the 
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line 102-1 is subjected to a bidirectional pumping. 
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The WDM optical signal outputted from the backward pumping part 115-1 is 
amplified to a predetermined optical level in the optical amplifier 1 13-2 as described above, 
and sent out from the repeater station 104-1 to an optical transmission line 102-2. 

The WDM optical signal transmits through the optical transmission line 102-2 to be 
made incident on the backward pumping part 1 15-2 in a repeater station 104-2. In the 
backward pumping part 115-2, the wavelengths of the pump light for the Raman 
amplification and the WDM optical signal are multiplexed, and the pump light is outputted to 
the optical transmission line 102-2. Therefore, the WDM optical signal which transmits 
through the optical transmission line 102-2 is subjected to a backward pumping. 

The WDM optical signal which is outputted from the backward pumping part 115-2 
is made incident on an OADM 116. The OADM 116 branches/inserts/passes the optical 
signal from/to /through the WDM optical signal. The OADM 1 16 is structured by including, 
for example, a coupler, a filter and a WDM coupler. In thus-structured OADM, the WDM 
optical signal which is made incident thereon is made incident on the coupler in which the 
light is divided into two. One of the divided WDM optical signals is used for receiving and 
processing the optical signals to be branched, and the other is made incident on the filter. 
The filter rejects the optical signals which are branched/inserted from/to the WDM optical 
signal and the rejected WDM optical signal is made incident on the WDM coupler. In the 
WDM coupler, the optical signals which should be inserted to the rejected WDM optical signal 
are multiplexed. 

The WDM optical signal which is outputted from the OADM 1 16 is sent out to an 
optical transmission line 102-3 as the output from the repeater station 104-2. 

The WDM optical signal transmits through the optical transmission line 102-3 to be 
made incident on the backward pumping part 115-3 in a repeater station 104-3. In the 
backward pumping part 1 1 5-, the wavelengths of the pump light for the Raman amplification 

34 



and the WDM optical signal are multiplexed, and the pump light is outputted to the optical 
transmission line 102-3. Therefore, the WDM optical signal which transmits through the 
optical transmission line 102-2 is subjected to the backward pumping. 

The WDM optical signal which is made incident on the backward pumping part 
115-3 is amplified to the predetermined optical level in the optical amplifier 113-3, as 
described above, and made incident on the forward pumping part 114-2. In the forward 
pumping part 1 14-2, the wavelengths of the pump light for the Raman amplification and the 
WDM optical signal are multiplexed, and the pump light is outputted to an optical 
transmission line 102-4. 

The WDM optical signal which is outputted from the forward pumping part 114-1 is 
made incident on the optical transmission line 102-4 as the output from the repeater station 
104-3. 

The WDM optical signal transmits through the optical transmission line 102-4 to be 
made incident on the optical amplifier 1 13-4 in a repeater station 104-4. Therefore:, the 
WDM optical signal which transmits through the optical transmission line 102-4 is subjected 
to a forward pumping. These are amplified to the predetermined optical level in the optical 
amplifier 1 13-4, as described above, and made incident on the forward pumping part 1 14- 
3. In the forward pumping part 1 14-3, the wavelengths of the pump light for the Raman 
amplification and the WDM optical signal are multiplexed, and the pump light is outputted to 
an optical transmission line 102-5. 

Thus, the WDM optical signal is repeated through multiple stages by transmitting 
through the plurality of the repeater stations 104, and made incident on the backward 
pumping part 1 15-j in the receiving station 103. The receiving station 103 is structured by 
including the backward pumping part 1 1 5-j, the optical amplifier 1 1 3-k, a WDM coupler 1 1 7 
and receivers (hereinafter abbreviated to "OR") 1 1 8. 
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In the backward pumping part 1 15-j, the wavelengths of the pump light for the 
Raman amplification and the WDM optical signal are multiplexed, and the pump light is 
outputted to an optical transmission line 102-h. 

The WDM optical signal which is outputted from the backward pumping part 1 15-j 
are amplified to such an optical level that the ORs 118 can receive these, in the optical 
amplifier 1 13-k as a post amplifier. The amplified WDM optical signal is made incident on 
the WDM coupler 1 1 7 and demultiplexed by each ch. The optical signals corresponding to 
each ch. are made incident on ORs 1 18-1 to 1 18-32, respectively. The ORs 1 18 receives 
and processes the signals which are made incident thereon, and removes information 
therefrom. 

As is clear from the above description, the repeater station 1 04 may include either of 
the forward pumping part 114 or the backward pumping part 115, both of the forward 
pumping part 1 14 and the backward pumping part 1 1 5, or it may include neither of these. 

Next, the structure of the forward pumping part will be explained. 

Fig. 1 1 shows the structure of the forward pumping part according to the third 
embodiment. 

In Fig. 1 1, the forward pumping part 1 14 is structured by including connectors 131 , 
134, couplers 132, 138, photodiodes (hereinafter abbreviated to "PD") 135, 136, 137, 139, 
analog/digital converters (hereinafter abbreviated to B A/D W ) 140, 141, 142, 144, a light 
source 143, a memory 145, a central processing unit (hereinafter abbreviated to "CPU") 146 
and a control signal circuit 147. 

The WDM optical signal which are made incident on the forward pumping part 1 14 is 
made incident on the coupler 132 through the connector 131 which optically connects 
between optical circuits. The coupler 132 is an optical component which divides the light 
being made incident thereon into two and outputs these, which also applies to the other 
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couplers, similarly. As the coupler, for example, a microoptic optical branching and 
coupling unit such as a half mirror can be used. 

One of the WDM optical signals which are divided in the coupler 1 32 is made incident 
on the WDM coupler 133, and the other WDM optical signal is made incident on the PD 136. 
5 The PD 1 36 is a photoelectric converter, and generates a current corresponding to the optical 
power of the received light. This applies to the other PDs. The output from the PD 136 is 
inputted into the A/D 141. The A/D 141 converts the input from analog to digital and 
outputs it, similarly to the other A/Ds. The output from the A/D 1 4 1 is inputted into the CPU 
146. 

p 10 Eight-wave laser lights with the different wavelengths from each other can be 

f s \ 

Til oscillated by the light source 146, and a predetermined laser light of one wavelength is 

U 

« outputted out of these, based on the signal from the CPU 146. This laser light is the pump 

light used for Raman amplification in the optical transmission line 102, which will be referred 

hj to as pump laser light, hereinafter. The outputted pump laser light is made incident on the 

H 

y!j 1 5 coupler 138. The pump laser light is divided in the coupler 138 and one of these is made 

O 

N 1 incident on the WDM coupler 1 33 and the other is made incident on the PD 1 39. The PD 1 39 

performs photoelectric conversion of the pump laser light, and its output is inputted through 
the A/D 1 44 into the CPU 1 46. 

The WDM coupler 1 33 is an optical multiplexer/demultiplexer which multiplexes and 

20 demultiplexes the light with the two wavelength bands, and a wavelength which divides the 
wavelength bands (corresponding to a reject frequency) is designed between the wavelength 
band of the WDM optical signal and the wavelength of the pump laser light. In the WDM 
coupler 1 33, the wavelengths of the WDM optical signal outputted from the coupler 1 32 and 
the pump laser light outputted from the coupler 138 are multiplexed. The WDM optical 

25 signal which is multiplexed with the pump laser light is outputted from the connector 1 34 as 
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the output from the forward pumping part 1 14. 

Meanwhile, when the connector 1 34 is not connected to the optical transmission line 
102 and when the optical transmission line 102 has a break near the connector 134, the 
pump laser light and the WDM optical signal are reflected. 

The reflected pump laser light is made incident on the PD 137 through the WDM 
coupler 1 33 and the coupler 1 38. The PD 1 37 performs the photoelectric conversion of the 
reflected pump laser light, and its output is inputted into the CPU 146 through the A/D 142. 

The memory 145 is connected to the CPU 146, and an optical damage testing 
program, a drive current value and element temperature for outputting an excited laser of a 
level PI , a drive current value and element temperature for outputting an excited laser of a 
level P2, allowances of an output Outplsl and an output Outpls2, a corresponding table of the 
pump light number and the pump light wavelength, a drive current value and element 
temperature by each wavelength A 1 to X 8, predetermined values for detecting the 
disconnection of the optical transmission line 102 from the connectors 131, 134 and the like 
are stored therein as will be described later. 

The control signal circuit 147 is connected to the CPU 146 and carries out 
bidirectional communications of a control signal with the other stations over a control line 
106. The control signal includes information necessary for operating the optical 
communication system, such as a selection variable, the optical power of residual pump light, 
the ch. number of the transmitted WDM optical signal, maintenance information and state 
monitor. 

Next, the structure of the backward pumping part 1 1 5 will be explained. 
Fig. 12 shows the structure of the backward pumping part according to the third 
embodiment. 

In Fig. 1 2, the backward pumping part 1 1 5 is structured by including connectors 151, 
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154, a coupler 156, PDs 155, 157, 158, A/Ds 159, 161, 162, a light source 160, a memory 
1 63, a CPU 1 64 and a control signal circuit 1 65. 

The WDM optical signal which is made incident on the backward pumping part 1 1 5 is 
made incident on the coupler 153 through the connector 151 which optically connects 
5 between optical circuits and the WDM coupler 1 52. 

One of the WDM optical signals which are divided in the coupler 153 is outputted 
through the connector 1 54 as the output, and the other WDM optical signal is made incident 
on the PD 1 58. The PD 1 36 performs the photoelectric conversion of the WDM optical signal, 
and its output is inputted through the A/D 162 into the CPU 164. 
p 10 Meanwhile, eight-wave laser lights with the different wavelengths from each other 

Hi can be oscillated by the light source 1 60, and a predetermined laser light of one wavelength is 
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outputted out of these, based on the signal from the CPU 164. The outputted pump laser 
light is made incident on the coupler 1 56. The pump laser light is divided in the coupler 1 56 
ij and one of these is made incident on the WDM coupler 1 52 and the other is made incident on 



\$IJ 15 the PD 157. The PD 1 57 performs the photoelectric conversion of the pump laser light, and 

P 

its output is inputted through the A/D 161 into the CPU 164. 

The WDM coupler 1 52 is an optical multiplexer/demultiplexer which multiplexes and 
demultiplexes the light with the two wavelength bands, and a wavelength which divides the 
wavelength bands (corresponding to a reject frequency) is designed between the wavelength 
20 band of the WDM optical signal and the wavelength of the pump laser light. The WDM 
coupler 152 outputs the pump laser light which is outputted from the coupler 156 to the 
connector 151. 

Meanwhile, when the connector 1 5 1 is not connected to the optical transmission line 
102 and when the optical transmission line 102 has a break near the connector 151, the 
25 pump laser light is reflected. 
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The reflected pump laser light is made incident on the PD 155 through the WDM 
coupler 152 and the coupler 1 56. The PD 1 55 performs the photoelectric conversion of the 
reflected pump laser light, and its output is inputted into the CPU 164 through the A/D 159. 

Incidentally, in order to detect the disconnection of the connector 1 54 to the optical 
transmission line 1 02 and the like, it is suitable to provide the PD and the A/D so that the PD 
receives the reflected WDM optical signal and its output is inputted into the CPU 1 64 through 
the A/D. 

The memory 163 is connected to the CPU 164, and an optical damage testing 
program, a drive current value and element temperature for outputting an excited laser of a 
level PI , a drive current value and element temperature for outputting an excited laser of a 
level P2, allowances of an output Outplsl and an output Outpls2, a corresponding table of the 
pump light number and the pump light wavelength, a drive current value and element 
temperature by each wavelength A 1 to A 8, predetermined values for detecting the 
disconnection of the optical transmission line 102 from the connectors 151, 154 and the like 
are stored therein as will be described later. 

The control signal circuit 165 is connected to the CPU 164 and carries out the 
bidirectional communications of the control signal with the other stations over the control 
line 106. 

(Operation and effects of the third embodiment) 

Next, the operation and the effects of the aforementioned optical communication 
system will be explained. 

First, in order to test the optical damage, the WDM optical signal having appropriate 
optical power is transmitted from the transmitting station 101 and the optical damage testing 
program is started in the CPU 1 64 by an operator, when the optical communication system is 
installed and the pump laser light is supplied to the optical transmission line for the Raman 
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amplification 

It should be mentioned that the appropriate optical power has such a level that the 
WDM optical signal can be detected in the respective stations when the pump laser light of the 
level PI is supplied to the optical transmission line 102, as will be described later. 

The CPU reads the optical damage-testing program which is stored in the memory 
163, and operates as follows based on the program. 

Fig. 1 3 shows the time variation of the optical power of the pump laser light in the 
optical damage test. 

In Fig. 13, the CPU 164 makes the light source 160 emit the light for an adequately 
long time, compared with a frequency of relaxation oscillation of the LD inside the light 
source 160, and supplies the pump laser light to the optical transmission line 102. This is 
because of the possibility of an occurrence of excessive vibration of the optical power of the 
laser light and a breakage of the LD, if the light is suddenly emitted. 

The CPU 1 64 controls the light source 1 60 so that the pump laser light is outputted 
at the level PI , for example, the optical power of about 10 dBm, which is lower enough than 
the optical damage levels of the connector 1 5 1 and the optical transmission line 102. 

Further, the optical power of the WDM optical signal is detected in this case of the 
level PI, and the detection result is kept therein. That is, the CPU 164 receives the output 
from the PD 1 58 through the A/D 162, and stores the output Outplsl in the memory 163. 

The CPU 1 64 changes the level of the light source to a maximum output level Pmax. 
The maximum output level Pmax is the level larger than the optical power of an output level 
Pnom during the normal operation. 

Incidentally, the optical power for testing the optical damage is the maximum output 
level Pmax in this embodiment, but it is suitable as long as its optical power is larger than the 
optical power during the normal operation. This is because the objective for the test is 
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achieved when it is confirmed that the optical damage does not occur by the optical power of 
the normal operation. 

The CPU 164 drives the light source 160 at the maximum output level Pmax for an 
adequately long time for an occurrence of the optical damage, that is, for several seconds. 

The CPU 1 64 drives the light source at the level PI again. Then, the optical power of 
the WDM optical signal at the level PI is detected and the detection result is stored therein. 
Namely, the CPU 164 receives the output from the PD 158 through the A/D 162, and stores 
the output Outpls2 into the memory 163. 

The CPU 164 compares the output Outplsl with the Outpls2 which are stored in the 
memory 163. 

After the comparison, the CPU 1 64 determines that the optical damage does not 
occur when the output Outplsl and the Outpls2 are equal to each other within the range of 
the allowance, displays to that effect and completes the program. 

Meanwhile, after the comparison, the CPU 164 determines that the optical damage 
occurs when the output Outplsl and the Outpls2 are beyond the range of the allowance, gives 
a warning to that effect, and completes the program (broken line in Fig. 13). When the 
determination is made by, for example, subtracting the output Outplsl from the output 
Outpls2, it will be a negative value which is larger than a value obtained by subtracting the 
allowance from 0, when the optical damage occurs. Further, when the determination is 
made by, for example, calculating a ratio between the output Outplsl and the output Putpls2 
(output Outpls2/ output Outplsl), it will be a smaller value than a value obtained by 
subtracting the allowance from 1, when the optical damage occurs. This is because the 
optical power of the WDM optical signal is lost at the point of the optical damage, when the 
optical damage occurs. 

Thus, according to the optical communication system of the third embodiment, the 
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optical damage during the normal operation can be avoided by causing the possible optical 
damage to occur before starting the Raman amplification. 

It should be noted that, in the case of the forward pumping, the optical damage can 
be tested similarly to the above when the structure for detecting the optical power of the WDM 
optical signal, for example, the structure of the coupler 1 53, the PD 1 58 and the A/D 1 62 as 
shown in Fig. 12 is provided in the station on the subsequent stage, and the CPU 146 receives 
the optical power of the WDM optical signal on the subsequent stage by using the control line 
through the control signal circuit 147. 

Next, the wavelengths of the pump lights which are supplied from each forward 
pumping part 1 14 and each backward pumping part 1 1 5 will be explained. 

First, a plurality of the wavelengths, for example, the eight wavelengths are set for 
the pump light As in the explanation of the first embodiment, the eight wavelengths are set 
so that the wavelength band of the WDM optical signal almost matches with a range. with large 
Raman gain coefficients, and a maximum value of the Raman gain coefficient by a fourth 
wavelength A 4 almost matches with a center wavelength of the wavelength band of the WDM 
optical signal. The intervals between the respective wavelengths A 1 toA8 are set fixedly. 
Further, as shown in Fig. 14 (a), the pump light number is allocated to the eight wavelengths 
and the corresponding table of the pump light number and the pump light wavelength is 
prepared. 

As the optical communication system starts its operation, the wavelengths of the 
respective pump lights are selected as follows. 

Namely, in the following explanation, numerical subscripts, which are the same with 
those, added to the numerals of the forward pumping parts and the backward pumping parts 
are added in order to distinguish the components. For example, the CPU 164 of the 
backward pumping part 1 1 5-2 in the repeater station 104-2 is represented as CPU 164-2 by 
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adding the subscript u -2" which is the same with the subscript "-2" being added to the 
numeral "1 1 5" of the backward pumping part 1 1 5-2. 

First, the CPU 146-1 in the forward pumping part 1 14-1 divides a value which is the 
selection variable added with 1 by 8 which is the number of the pump light wavelength, and 
finds its remainder. The CPU 146-1 refers to the corresponding table of the pump light 
number and the pump light wavelength, and selects the pump light wavelength 
corresponding to the pump light number which is the same with the remainder. 

It should be mentioned that the selection variable is a variable prepared for selecting 
the pump light number, and, for example, 0 is set as its initial value. 

Accordingly, the CPU 146-1 divides 1, as the value 0 plus 1, by 8, and since its 
remainder is 1, it refers to the corresponding table to select the pump light wavelength X 1 
which corresponds to the pump light number 1. 

The CPU 146-1 transmits the selection variable to the CPU 164-1 in the repeater 
station 104-1 on the subsequent stage through the control signal circuit 147-1, the control 
line and the control signal line 165-1. 

Further, the CPU 1 64-1 in the backward pumping part 115-1 divides a value which is 
the selection variable added with 1 by 8 which is the number of the pump light wavelengths, 
and finds its remainder. The CPU 1 64-1 refers to the corresponding table of the pump light 
number and the pump light wavelength, and selects the pump light wavelength 
corresponding to the pump light number which is the same with the remainder. 

Accordingly, since the transmitted value of the selection variable is 1, the CPU 164- 
1 divides 2, as the value 1 plus 1, by 8, and since its remainder is 2, it refers to the 
corresponding table to select the pump light wavelength A. 2 which corresponds to the pump 
light number 2,. 

The CPU 164-1 transmits the selection variable to CPU 164-2 in the repeater station 
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104-2 on the subsequent stage through the control signal circuit 165-1, the control line 106 
and the control signal line 165-2. 

Similarly to the above, the selection variables are transmitted through the control 
signal circuits 1 47, 1 65 and the control line 1 06 to the CPU 1 46 in the forward pumping part 
5 114 and the CPU 164 in the backward pumping part 115, and the respective CPUs 146, 164 
divide the values which are the selection variables added with 1 by 8 which is the number of 
the pump light wavelengths, and find its remainders. The CPU 146-1 refers to the 
corresponding table of the pump light number and the pump light wavelength, and selects 
the pump light wavelengths corresponding to the pump light numbers whjch are the same 

p 10 with the remainders. 
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Til Thus, the wavelengths of the pump lights of the forward pumping parts 1 14 and the 

H 

backward pumping parts 1 15 which are provided in the respective stations are determined. 

y;i 

The forward pumping parts 1 14 and the backward pumping parts 1 1 5 respectively supply the 

: ; 

jn j pump lights with the determined wavelengths to the optical transmission line 1 02. Focusing 

2 ! 
CSZ3 

y;i 15 on an optical signal in the WDM optical signal, the signal is Raman amplified with the various 

Cl 

Sft " gains while being transmitted from the transmitting station 101 to the receiving station 1 13. 

Hence, even though the signal is amplified with the Raman gain coefficient of the local 
minimum value by pump light supplied from a station, it is amplified with the Raman gain 
coefficient with the maximum value by pump light supplied from another station. For this 

20 reason, the optical powers of the respective optical signals in the WDM optical signal which 
are Raman amplified are almost equalized while being transmitted from the transmitting 
station 101 to the receiving station 1 13. 

Incidentally, in the third embodiment, the pump light numbers are allocated in 
decreasing order of the pump light wavelengths, but these may be allocated on a random 

25 basis as shown in Fig. 14(b). 
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Further, in the third embodiment, the explanation is made about the case in which 
the number of the pump light wavelengths is eight, which is not restrictive. Any number of 
the wavelengths is suitable. 

In the case of the two wavelengths, which is the minimum number thereof, one 
wavelength is set so that a wavelength with a first maximum value of the Raman gain which 
occurs by the pump light with this wavelength almost matches with a wavelength with a first 
local minimum value after the maximum value of the Raman gain which occurs by the pump 
light with the other wavelength. The forward pumping parts 1 14 and the backward pumping 
parts 1 1 5 respectively give notices of the wavelengths selected by themselves to the forward 
pumping parts 114 and the backward pumping parts 115 on the subsequent stages, and 
select the two wavelengths by turns. 

Moreover, in the third embodiment, the CPUs 146, 164 select the pump light 
wavelength by the above calculation using the selection variable, but it is suitable to generate 
a random number in a range of the pump light number and to select the pump light 
wavelength corresponding to the random number in the forward pumping parts 1 14 and the 
backward pumping parts 115, respectively. 

In this case, when the number of the prepared pump light wavelengths is the same 
with the number of the forward pumping parts 1 14 and the backward pumping parts 115, the 
CPUs 146, 164 give notices of the pump light number selected by themselves to the other 
stations through the control signal circuits 147, 165 and the control line so that the repeated 
selection of the pump light wavelengths can be prevented. 

Further, in this case, when the number of the prepared pump light wavelengths is 
less than the number of the forward pumping parts 1 14 and the backward pumping parts 1 1 5, 
an upper limit variable which shows the upper limit of the repeated selection of the pump 
light wavelength is provided, and the CPUs 146, 1 64 give notices of the upper limit variable to 
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the other stations by subtracting 1 from the upper limit variable which corresponds to the 
pump light wavelength selected by themselves, which makes it possible to allocate uniformly 
the wavelengths of the pump light to the respective forward pumping parts 114 and the 
backward pumping parts 115. 

Furthermore, in the third embodiment, the intervals between the wavelengths of the 
respective pump lights are fixed, which is not restrictive. The wavelengths of the respective 
pump lights may be set to vary according to statistical distribution such as normal 
distribution. 

Next, operation and effects of the forward pumping part 114 and the backward 
pumping part 1 15 detecting the disconnection of the optical transmission line 102 from the 
connectors 131, 134, 151 will be explained. 

First, the CPU 146 in the forward pumping part 1 14 monitors the output from the PD 
136, and determines that the optical communication line is disconnected from the connector 
131 when the output which is higher than a predetermined value is not inputted therein. 
When the optical transmission line is disconnected from the connector 131, the WDM optical 
signal which is made incident on the forward pumping part 1 1 4 is not received in the PD 1 36, 
and hence the output from the PD 1 36 becomes markedly low in value. Meanwhile, when the 
optical communication line is connected to the connector 131 and the WDM optical signal is 
made incident thereon, the output from the PD 1 36 becomes high in value, because the WDM 
optical signal is made incident on the PD 136. 

Therefore, by setting the predetermined value as a threshold and distinguishing 
whether the output is higher than the predetermined value or not, the CPU 146 can detect the 
disconnection of the optical transmission line from the connector 131. 

Further, the CPU 146 in the forward pumping part 1 14 detects the output from the 
PD 1 37 and determines that the optical transmission line is disconnected from the connector 
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134 when the output which is higher than the predetermined value is inputted therein. 
When the optical transmission line is disconnected from the connector 134, the pump laser 
light is reflected by the connector 1 34 and the PD 1 35 receives the reflected pump laser light 
through the WDM coupler 133 and the coupler 138. Thus, the output from the PD 137 
becomes high in value. Meanwhile, when the optical transmission line is connected to the 
connector 1 34, the PD 137 does not receive the pump laser light since the reflection does not 
occur, and hence the output from the PD 137 becomes markedly low in value. 

Therefore, by setting the predetermined value as the threshold and distinguishing 
whether the output is higher than the predetermined value or not, the CPU 1 46 can detect the 
disconnection of the optical transmission line from the connector 134. 

As described above, when the determination is made that the optical transmission 
line is disconnected from the connectors 131, 134, the CPU 146 inhibits the light source 143 
from outputting the pump laser light. Thus, it is possible to keep the operator from being 
exposed to the pump laser light. 

Incidentally, the disconnection of the optical transmission line from the connector 
1 34 may be detected by providing the PD 1 35 and the A/D 140 as shown in the broken line in 
Fig. 1 1 . The WDM optical signal which is reflected by the connector 1 34 is made incident on 
the PD 135 through the WDM coupler 1 33 and the coupler 1 32. Then, the PD 1 35 performs 
the photoelectric conversion of the reflected WDM optical signal, and its output is inputted 
through the A/D 140 into the CPU 146. 

Therefore, the CPU 146 in the forward pumping part 1 14 monitors the output from 
the PD 135 and determines that the optical transmission line is disconnected from the 
connector 134 when the output which is higher than the predetermined value is inputted 
therein. When the optical transmission line is disconnected from the connector 134, the 
WDM optical signal is reflected by the connector 134 and the PD 135 receives the reflected 
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WDM optical signal through the WDM coupler 133 and the coupler 132. Thus, the output 
from the PD 135 becomes high in value. Meanwhile, when the optical transmission line is 
connected to the connector 1 3 1 , the PD 1 35 does not receive the WDM optical signal since the 
reflection does not occur, and hence the output from the PD 135 becomes markedly low in 
5 value. 

Therefore, by setting the predetermined value as the threshold and distinguishing 
whether the output is higher than the predetermined value or not, the CPU 1 46 can detect the 
disconnection of the optical transmission line from the connector 134. 

Meanwhile, the CPU 146 in the backward pumping part 115 monitors the output 

p 10 from the PD 155 and determines that the optical transmission line is disconnected from the 
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fll connector 151 when the output higher than the predetermined value is inputted therein. 
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H When the optical transmission line is disconnected from the connector 151, the pump laser 

light is reflected by the connector 1 5 1 and the PD 1 55 receives the reflected pump laser light 
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flf through the WDM coupler 152 and the coupler 156. Thus, the output from the PD 137 

1 5 becomes high in value. Meanwhile, when the optical transmission line is connected to the 
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p " connector 151, the PD 1 55 does not receive the pump laser light since the reflection does not 

occur, and hence the output from the PD 1 55 becomes markedly low in value. 

Therefore, by setting the predetermined value as the threshold and distinguishing 
whether the output is higher than the predetermined value or not, the CPU 1 64 can detect the 
20 disconnection of the optical transmission line from the connector 151. 

When the determination is made that the optical transmission line is disconnected 
from connector 151, the CPU 164 inhibits the light source 160 from outputting the pump 
laser light. Thus, it is possible to keep the operator from being exposed to the pump laser 
light. 

25 As described above, the optical communication system carries out the optical 
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damage testing, the selection of the pump light wavelengths and the check of the connector 
disconnection, and when anomaly is not found, it supplies the pump laser light to the optical 
transmission line 1 02 to start the Raman amplification. 

Normally, the optical components such as the optical amplifier detect the optical 
powers of the input side, output side or the both, and control the gain and the output level 
based on the detection results. Further, the optical components such as the optical amplifier 
detect the reflected light of the light which is outputted to the output side so as to detect that 
the other optical components are not connected thereto. In the third embodiment, the 
pump light which is outputted from the forward pumping parts 114 and the backward 
pumping parts 1 1 5 may be made incident on the optical components without being 
attenuated sufficiently by the Raman amplification and the transmission loss in the optical 
transmission line 102. In such cases, the optical components may malfunction concerning 
the gain, the output level, the detection of the disconnection and the like. 

Hence, in the case of the forward pumping with the residual pump light, an optical 
filter (hereinafter abbreviated to "FIL") which rejects the pump light and passes the WDM 
optical signal therethrough is connected to the optical transmission line 102 in the repeater 
station on the subsequent stage. For example, as shown in Fig. 10, a FIL 1 19-2 is connected 
between the optical transmission line 102-4 and the optical amplifier 113-4 so that the 
pump laser light which is outputted from the forward pumping part 1 14-2 in the repeater 
station 104-3 is not made incident on the optical amplifier 1 13-4. 

Meanwhile, in the case of the backward pumping with the residual pump light, the 
FIL which rejects the pump light and passes the WDM optical signal therethrough is connected 
to the optical transmission line 102 in the repeater station on the preceding stage. For 
example, as shown in Fig. 10, a FIL 1 1 9-1 is connected between the optical transmission line 
102-2 and the optical amplifier 1 13-2 so that the pump laser light which is outputted from 
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the backward pumping part 1 1 5-2 in the repeater station 1 04-2 is not made incident on the 
optical amplifier 1 1 3-2. The reject frequency of the FIL 1 19 like this is designed between the 
wavelength band of the WDM optical signal and the pump laser light. 

Further, in the third embodiment, it is suitable to detect the optical power of the 
5 residual pump light which is reflected by the FIL and use it for the detection of the presence or 
absence of the pump light and the adjustment of the optical power of the pump light. 

Fig. 1 5 shows the structure of the repeater station which includes the residual pump 
light detecting part according to the third embodiment. 

In Fig. 15, the WDM optical signal which has transmitted through the optical 
p 1 0 transmission line 1 02 transmits through the connector 151, the backward pumping part 115, 

flj a WDM coupler 1 71 , an erbium-doped optical fiber (hereinafter abbreviated to tt EDF") 1 72, a 
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fe - s WDM coupler 1 73, a FIL 1 74 and the connector 1 54 to be sent out to the optical transmission 
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line 102 to be transmitted to the subsequent stage. 
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fij Moreover, the LD 1 76 supplies the laser light which excites the EDF 1 72 through the 
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Q 1 5 WDM coupler 171, and the LD 1 77 supplies the laser light which excites the EDF 1 72 through 
the WDM coupler 173. The EDF 172 is excited from both directions and performs 
centralized amplification of the WDM optical signal. 

Meanwhile, the pump laser light for the Raman amplification which is supplied from 
the station on the subsequent stage propagates through the optical transmission line 102 to 
20 be made incident on the FIL 1 74 through the connector 1 54, as the residual pump light. 

The residual pump light is reflected by the FIL 1 74 and made incident on the PD 1 75. 
The residual pump light is subjected to the photoelectric conversion by the PD 175 and its 
output is inputted in the CPU 1 64 through the A/D 1 78. The reject wavelength of the FIL 1 74 
is designed between the wavelength band of the WDM optical signal and the pump laser light. 
25 It should be noted that, since the components of the backward pumping part 1 1 5 in 
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this repeater station and the components of the backward pumping part 1 1 5 in the station on 
the subsequent stage are the same, u -a" is added to the numerals for the components of this 
repeater station, and tt -b ff is added to the numerals for the components of the station on the 
subsequent stage, for distinction. 

The CPU 164-a sends out the output from the PD 175 which is inputted therein to 
the CPU 164-b through the control signal circuit 165-a and the control signal circuit 165-b. 

A value of the residual pump light during the normal operation and a corresponding 
table of the optical power of the residual pump light and the optical power of the optimal 
pump light are added to storage contents of the memory 163-b in the backward pumping 
part 1 1 5-b on the subsequent stage. This corresponding table is a table which decides the 
optical powers of the Raman amplification and the pump light, in consideration of the splice 
loss of the optical transmission line 102. 

The CPU 164-b compares the received value with the value of the residual pump 
light in the normal operation, which is stored in the memory 1.63-b, and when the received 
value is smaller, it judges occurrence of anomaly in the optical transmission line 102 or a 
disconnection of the connector, and stops the light source 1 60-b from supplying the excited 
laser. 

Thus, controlling the light source 160-b prevents the operator who works with the 
optical communication system from being exposed to the excited laser. 

Meanwhile, when the received value is larger, the CPU 164-b refers to the 
corresponding table based on the received value, and adjusts the pump laser light optimally. 
Being controlled as above, the optical communication system can measure the splice loss of 
the optical transmission line 102 to adjust the optical power of the pump laser light. 

This kind of repeater station can be used instead of, for example, the repeater 
station 104-1 shown in Fig. 10. 
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A case of the backward pumping has been described above, but it can be applied to 
the forward pumping. In this case, it is suitable that the structure of the FIL 1 74, the PD 1 75 
and the A/D 1 78 which detects the residual pump light is provided in the station opposing to 
the station from which the pump light is supplied, and the detection result is received through 
the control signal circuit. For example, the structure which detects the residual pump light is 
provided in the repeater station 1 04-4 shown in Fig. 1 0, and the forward pumping part 1 1 4-2 
in the repeater station 104-3 receives the detection result. 

Meanwhile, in the above explanation, the CPUs 146, 164 determine whether the 
optical transmission line 102 is disconnected from the connectors 134, 151 or not by 
monitoring the reflected pump light. In the case of the bidirectional pumping with smaller 
wavelength intervals between the respective pump lights as the optical transmission line 
102-1 in Fig. 10, it may be sometimes difficult to separate the reflected pump light of the 
pump light which is supplied from its own station from the residual pump light of the pump 
light which is supplied from the station opposing to itself. In this case, it is preferable to use 
the forward pumping part 1 1 7 and the backward pumping part 1 1 8 as shown in Fig. 1 6 in the 
optical communication system. 

Fig. 1 6 shows the structure when a low frequency is superimposed on the pump light 
according to the third embodiment. 

In Fig. 1 6, the forward pumping part 1 1 7 is structured by including connectors 131, 
134, a coupler 138, a WDM coupler 133, band-pass filters (hereinafter abbreviated to "BPF") 
180, 181, 182, PDs 137, 139, A/Ds 183, 184, 1 86, a light source 1 85, a memory 1 87, a CPU 
188 and a control signal circuit 147. 

The WDM optical signal which is made incident on the forward pumping part 1 1 7 is 
sent out to the optical transmission line 102 through the connector 131, the WDM coupler 
133 and the connector 134. 
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Meanwhile, eight-wave laser lights with the different wavelengths from each other 
can be oscillated by the light source 185, and predetermined laser light of one wavelength is 
outputted out of these, based on the signal from the CPU 1 88. Further, the light source 1 85 
directly modulates the intensity of the pump laser light with a small amplitude of a low 
5 frequency fl. When it is modulated with the large amplitude, the Raman amplification 
becomes less stabilized because the gain of the Raman amplification depends on the optical 
power of the pump light, and hence it is modulated with the small amplitude. The outputted 
pump laser light is made incident on the coupler 1 38. The pump laser light is divided in the 
coupler 138 and one of these is made incident on the WDM coupler 1 33 and the other is made 

t : 

□ 10 incident on the PD 139. The PD 139 performs the photoelectric conversion of the pump 

O 

flJ laser light, and its output is inputted into the CPU 1 88 through the BPF 1 82 and the A/D 1 86. 

M 

A cut-off frequency of a pass band of the BPF 182 is set so that the frequency fl passes 
therethrough and a frequency f2 is rejected therefrom. 

m The WDM coupler 133 is an optical multiplexer/demultiplexer, and a wavelength 

M 

€$ 15 which divides the wavelength bands is designed between the wavelength band of the WDM 

p 

optical signal and the wavelength of the pump laser light. The WDM coupler 133 multiplexes 
the wavelengths of the WDM optical signal and the pump laser light. 

Meanwhile, when the connector 1 34 is not connected to the optical transmission line 
102 and the like, the pump laser light and the WDM optical signal are reflected. 

20 The reflected pump laser light is made incident on the PD 137 through the WDM 

coupler 1 33 and the coupler 138. The PD 1 37 performs the photoelectric conversion of the 
reflected pump laser light, and its output is inputted into the CPU 188 through the BPF 180 
and the A/D 1 83. Further, the output from the PD 1 37 is inputted into the CPU 1 88 through 
the BPF 1 81 and the A/D 1 84. A cut-off frequency of a pass band of the BPF 1 80 is set so 

25 that the frequency f2 passes therethrough and the frequency fl is rejected therefrom, 
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Further, the cut-off frequency of the pass band of the BPF 181 is set identically to the BPF 182. 

The memory 187 is connected to the CPU 188, and an optical damage testing 
program, a drive current value and element temperature for outputting an excited laser of a 
level PI, a drive current value and element temperature for outputting an excited laser of a 
5 level P2, allowances of an output Outplsl and an output Outpls2, a corresponding table of the 
pump light number and the pump light wavelength, drive current values and element 
temperature by each wavelength A 1 to A 8, the frequencies fl , f2, a predetermined value for 
detecting the disconnection of the optical transmission line from the connector 1 34 and the 
like are stored therein. 

p 10 The control signal circuit 147 is connected to the CPU 188 and carries out 

5 

HI bidirectional communications of the control signals over the control line 106 with the other 

stations. 

Moreover, the backward pumping part 11 8 is structured by including connectors 

a 

fij 151, 154, a coupler 156, a WDM coupler 152, PDs 155, 157, 158, BPFs 191, 192, 193, A/Ds 

yll 15 194, 195, 197, a light source 196, a memory 198, a CPU 199 and a control signal circuit 165. 

O 

^ The WDM optical signal which is made incident on the backward pumping part 1 1 8 

from the optical transmission line 102 is made incident on the coupler 153 through the 
connector 151 and the WDM coupler 152. 

The WDM optical signal is divided in the coupler 1 53 and one of these is outputted as 
20 the output through the connector 1 54 and the other is made incident on the PD 158. The PD 
158 performs the photoelectric conversion of the WDM optical signal, and its output is 
inputted into the CPU 199 through the A/D 162. 

Meanwhile, eight-wave laser lights with the different wavelengths from each other 
can be oscillated by the light source 1 96, and predetermined laser light of one wavelength is 
25 outputted out of these, based on the signal from the CPU 199. Further, the light source 196 

55 



directly modulates the intensity of the pump laser light with a small amplitude of a low 
frequency f2. The outputted pump laser light is made incident on the coupler 156. The 
pump laser light is divided in the coupler 1 56 and one of these is made incident on the WDM 
coupler 152 and the other is made incident on the PD 157. The PD 157 performs the 
photoelectric conversion of the pump laser light, and its output is inputted into the CPU 199 
through the BPF 1 93 and the A/D 1 97. 

The WDM coupler 152 is an optical multiplexer/demultiplexer, and a wavelength 
which divides the wavelength bands is designed between the wavelength band of the WDM 
optical signals and the wavelength of the pump laser light. The WDM coupler 152 outputs 
the pump laser light to the optical transmission line 1 02 through the connector 151. 

Meanwhile, when the connector 1 5 1 is not connected to the optical transmission line 
102 and the like, the pump laser light is reflected. 

The reflected pump laser light is made incident on the PD 155 through the WDM 
coupler 1 52 and the coupler 1 56. The PD 1 55 performs the photoelectric conversion of the 
reflected pump laser light, and the output is inputted into the CPU 199 through the BPF 191 
and the A/D 194. Further, the output from the PD 155 is inputted into the CPU 199 through 
the BPF 192 and the A/D 195. A cut-off frequency of a pass band of the BPF 191 is set so 
that the frequency f2 passes therethrough and the frequency fl is rejected therefrom. 
Further, the cut-off frequency of the pass band of the BPF 1 92 is set identically to the BPF 1 93. 

The memory 198 is connected to the CPU 199, and an optical damage testing 
program, a drive current value and element temperature for outputting an excited laser of a 
level PI, a drive current value and element temperature for outputting an excited laser of a 
level P2, allowances of an output Outplsl and an output Outpls2, a corresponding table of the 
pump light number and the pump light wavelength, a drive current value and element 
temperature by each wavelength A 1 to A 8, the frequencies fl , f2, predetermined values for 
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detecting the disconnection of the optical transmission line from the connectors 151, 154 
and the like are stored therein. 

The control signal circuit 165 is connected to the CPU 199 and carries out 
bidirectional communications of the control signals over a control line 106 with the other 
stations. 

Incidentally, the above-described forward pumping part 117 and the backward 
pumping part 1 18 superimpose the low frequencies fl, f2 by directly modulating the light 
sources 1 85, 1 96, but the low frequency may be superimposed by using external modulators 
189, 200 as shown in the broken lines. The external modulators are, for example, a 
magnetooptical modulator, an electric field absorption type optical modulator and the like. 

In thus-structured forward pumping part 1 1 7, the CPU 1 88 receives the output from 
the BPF 1 82 and the BPF 181, which corresponds to the low frequency fl being superimposed 
on the pump light supplied from its own station, and receives the output from the BPF 1 80, 
which corresponds to the low frequency f2 being superimposed on the pump light supplied 
from the opposing station. Therefore, the CPU 1 88 can distinguish whether the laser light 
which is received in the PD 137 is the reflected pump laser light or the residual pump laser 
light, by comparing the respective outputs from the BPF 1 80 and the BPF 181, with reference 
to the output from the BPF 1 82. Thus, the reflected pump laser light can be surely detected, 
and hence the CPU 1 88 can surely inhibit the operation of the light source 1 85 and protect the 
operator from being exposed to the pump laser light. 

Moreover, in the backward pumping part 1 18, the CPU 199 receives the output from 
the BPF 1 93 and the BPF 191, which corresponds to the low frequency f2 being superimposed 
on the pump light supplied from its own station, and receives the output from the BPF 192, 
which corresponds to the low frequency f 1 being superimposed on the pump light supplied 
from the opposing station. Therefore, the CPU 199 can similarly distinguish whether the 



laser light which is received in the PD 155 is the reflected pump laser light or the residual 
pump laser light, and hence the CPU 199 can surely inhibit the operation of the light source 
196 and protect the operator from being exposed to the pump laser light. 

Incidentally, in the third embodiment, the control signal is communicated 
bidirectionally between the control signal circuits 147, 165 by using the control line 106 
which is an exclusive physical line besides the optical transmission line 102, but this is not 
restrictive. For example, the optical communication system may further include an optical 
signal for the control signal and transmits the optical signal through the optical transmission 
line 1 02 by multiplexing it to the WDM optical signal. Further, the optical communication 
system may sends the information of the control signal by using an undefined area in an 
overhead of SDH (synchronous digital hierarchy). 
(Structure of a fourth embodiment) 

The fourth embodiment relates to an optical communication system according to the 
present invention. 

The optical communication system according to the fourth embodiment includes, 
similarly to the optical communication system shown in Fig. 5, a transmitting station in which 
a WDM optical signal with two wavelength bands is generated, an optical transmission line 
which transmits the optical signal sent out from the transmitting station, and a receiving 
station which receives and processes the transmitted optical signal, and a plurality of repeater 
stations are provided at some midpoints in the optical transmission line. The wavelength 
bands are C-band and L-band, respectively. 

The WDM optical signal with the two wavelength bands which is made incident on the 
repeater station is made incident on a backward pumping part. The structure of the 
backward pumping part will be described later. The WDM optical signal with the two 
wavelength bands which is outputted from the backward pumping part is made incident on a 
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WDM coupler and demultiplexed therein by each wavelength band. The demultiplexed WDM 
optical signal in the C-band is made incident on an optical amplifier in which the C-band can 
be amplified, for example, an erbium-doped optical fiber amplifier which is excited by pump 
lights with wavelengths of 1480 nm and 980 nm, and amplified therein. After the 
5 amplification, the WDM optical signal in the C-band is made incident on the WDM coupler. 

Similarly, the demultiplexed WDM optical signal in the L-band is made incident on an 
optical amplifier in which the L-band can be amplified, for example, a gain shift erbium- 
doped optical fiber amplifier which is excited by the pump light with the wavelength of 1480 
nm, and amplified therein. After the amplification, the WDM optical signal in the L-band is 

p 1 0 made incident on the WDM coupler. 

□ 

ri! The WDM optical signals in the respective bands which are made incident on the 

WDM coupler are multiplexed to become the WDM optical signal with the two wavelengths 
again. Then, the WDM optical signal with the two wavelength bands is sent out to the optical 

hj transmission line to be transmitted to the station on a subsequent stage. 

s . 

y;l 1 5 In the above explanation, the WDM optical signal with the two wavelength bands is 

subjected to centralized amplification in the repeater station, but an OADM which 
branches/inserts/transmits the optical signal from/to/through the WDM optical signal may 
be provided in the repeater station, as explained in the second embodiment. 
Next, the structure of the backward pumping part will be explained. 
20 Fig. 17 shows the structure of the backward pumping part according to the fourth 

embodiment. 

In Fig. 1 7, the WDM optical signal with the two wavelength bands which is made 
incident on the backward pumping part is made incident on a coupler 211 through a 
connector 1 5 1 , a WDM coupler 208 and a coupler 1 53. 
25 The WDM optical signal with the two wavelength bands which is made incident on the 
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coupler 211 is divided into two. One of the divided WDM optical signals with the two 
wavelength bands is outputted from the backward pumping part to the aforesaid WDM 
coupler, and the other is made incident on an OSA 212. 

In the OSA 2 1 2, a spectrum of the WDM optical signal with the two wavelength bands, 
that is, a wavelength and optical power of the wavelength is measured. The detection result 
is outputted to a CPU 214. 

Meanwhile, a light source 209 emits pump laser lights with predetermined 
wavelengths, based on the signal from the CPU 214. The wavelengths of the pump laser 
lights are 1450 nm and 1485 nm so that the WDM optical signal with the respective 
wavelength bands can be subjected to Raman amplification thereby. The outputted pump 
laser light is made incident on a coupler 1 56. The pump laser light is divided in the coupler 
156 and one of these is made incident on the WDM coupler 208 and the other is subjected to 
a photoelectric conversion in a PD 1 57 and its output is inputted into the CPU 214 through an 
A/D161. 

The WDM coupler 208 is an optical multiplexer/demultiplexer which multiplexes and 
demultiplexes the light with the two wavelength bands, and a wavelength which divides the 
wavelength bands (corresponding to a reject frequency) is designed between the shortest 
wavelength of the WDM optical signal with the two wavelengths and the wavelength of the 
pump laser light. For example, it is designed at 1505 nm, 1510 nm, 1515 nm and so on. 
The WDM coupler 208 outputs the pump laser light which is outputted from the coupler 1 56 
to the optical transmission line through the connector 151. 

Meanwhile, the pump laser light is reflected when the connector 151 is not 
connected to the optical transmission line and when there is a break in the optical 
transmission line. 

The reflected pump laser light is made incident on a PD 155 through the WDM 
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coupler 208 and the coupler 1 56. In the PD 1 55, the reflected pump laser light is subjected 
to the photoelectric conversion, and its output is inputted into the CPU 214 through an A/D 
159. 

The memory 213 is connected to the CPU 214, and an optical damage testing 
program, a drive current value and element temperature for outputting an excited laser of a 
level PI , a drive current value and element temperature for outputting an excited laser of a 
level P2, allowances of an output Outplsl and an output Outpls2, a drive current value and 
element temperature by each pump laser light, predetermined values for detecting the 
disconnection of the optical transmission line 1 02 from the connectors 151, 1 54 and the like 
are stored therein. 

It should be mentioned that the level PI and the level P2 are the totaled optical 
powers of the pump laser lights of 1450 nm and 1485 nm. 

A control signal circuit 165 is connected to the CPU 214, and carries out bidirectional 
communications of a control signal with the other stations over a control line. 
(Operation and effects of the fourth embodiment) 

The optical damage test and the monitoring of the disconnection of the optical 
transmission line from the connector 1 5 1 are the same with those in the third embodiment, 
and hence the explanations thereof will be omitted. In this optical communication system, 
the optical damage during its operation can be avoided by the optical damage test, and the 
operator can be kept from being exposed to the pump laser light by monitoring the 
disconnection of the connector. 

Next, settings of the optical powers of the respective pump lights will be explained. 

First, the transmitting station sends out the WDM optical signal with the two 
wavelength bands. Then, the CPU 214 in the backward pumping part controls the light 
source 209 so that the pump light on a short wavelength side, that is, the pump laser light 
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with the wavelength of 1450 nm is outputted with the optical power which is set for the 
regular operation. 

The CPU 214 calculates an optical power Pc per lch. of the C-band and an optical 
power PL per 1 ch. of the L-band from the output from the OSA 2 1 2, respectively. 

The respective ch. numbers of the C-band and the L-band which are made incident 
on its own station are obtained from the control signal through the control line. Especially, 
when the optical communication system includes the OADM, the ch. number may be 
increased/decreased, and hence it is necessary to give notice of the ch. numbers of the 
respective bands to the other stations by using the control line. 

The CPU 214 calculates Psub by subtracting the Pc from the PL, and determines 
whether the Psub is under a predetermined allowance or not. This allowance is a value 
determining the extent of flatness of the WDM optical signal with the two wavelength bands 
which is subjected to the Raman amplification in the optical transmission line, and the 
flatness is ensured more when the value becomes smaller. 

When the Psub is a negative value, it means PL<Pc, and hence the CPU 214 controls 
the light source 209 so that the optical power of the pump light on a long wavelength side, 
that is, the pump laser light with the wavelength of 1485 nm increases. 

When the Psub is larger than the allowance, it means PL>Pc, and hence the CPU 214 
controls the light source 209 so that the optical power of the pump laser light with the 
wavelength of 1485 nm decreases. 

The CPU 214 calculates the Pc and the PL based on the output from the OSA 212, 
respectively, to calculate the Psub again. Then, similarly to the above, the CPU 214 
compares the Psub with the allowance and adjusts the optical power of the pump laser light 
with the wavelength of 1485 nm so that the Psub is lowered than the allowance. 

The CPU 214 takes in the optical power of the pump laser light with the wavelength 
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of 1485 nm, when the Psub is under the allowance, from the output from the PD 157, and 
stores the output value as a target value into the memory 213. 

During the operation of the optical communication system, the CPU 2 1 4 refers to the 
target value stored in the memory 21 3 and controls the light source 209 in order to keep the 
target value. 

By controlling the optical power of the pump laser light with the respective 
wavelengths, the WDM optical signal with the two wavelength bands after the Raman 
amplification can be almost flattened in the optical communication system according to the 
fourth embodiment. In other words, a deviation of again between the wavelength bands can 
be almost eliminated within the range of the predetermined allowance. 

As described above, after checking the connector disconnection and the adjustment 
of the optical powers of the respective pump lights, the optical communication system 
supplies the pump laser light to the optical transmission line 102 to start the Raman 
amplification. 

Incidentally, in the fourth embodiment, the deviation of the gain between the 
wavelength bands is retarded by keeping the optical power of the pump light on the short 
wavelength side in a constant manner and adjusting the optical power of the pump light on 
the long wavelength side, but it is suitable to adjust the optical power of the pump light on 
the short wavelength side by keeping the optical power of the pump light on the long 
wavelength side in the constant manner. 

Further, in the fourth embodiment, it is controlled by calculating the Psub, but is may 
be controlled by calculating PL/Pc by dividing the PL by Pc. 

Next, another embodiment will be explained. 
(Structure of a fifth embodiment) 

The fifth embodiment relates to an optical communication system according to the 
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present invention. 

The optical communication system according to the fifth embodiment includes, 
similarly to the optical communication system shown in Fig. 5, a transmitting station in which 
a WDM optical signal with two wavelength bands is generated, an optical transmission line 
which transmits the optical signal sent out from the transmitting station, and a receiving 
station which receives and processes the transmitted optical signal, and a plurality of repeater 
stations are provided at some midpoints in the optical transmission line. The wavelength 
bands are C-band and L-band, respectively. 

The WDM optical signal with the two wavelength bands which is made incident on the 
repeater station is made incident on a backward pumping part. The structure of the 
backward pumping part will be described later. The WDM optical signal with the two 
wavelength bands which is outputted from the backward pumping part is made incident on a 
WDM coupler and demultiplexed therein by each wavelength band. The demultiplexed WDM 
optical signal in the C-band is made incident on an erbium-doped optical fiber amplifier and 
amplified therein. After the amplification, the WDM optical signal in the C-band is made 
incident on the WDM coupler. Similarly, the demultiplexed WDM optical signal in the L-band 
is made incident on a gain shift erbium-doped optical fiber amplifier, and amplified therein. 
After the amplification, the WDM optical signal in the L-band is made incident on the WDM 
coupler. 

The WDM optical signals in the respective bands which are made incident on the 
WDM coupler are multiplexed therein to become the WDM optical signal with the two 
wavelengths again. Then, the WDM optical signal with the two wavelength bands is sent out 
to the optical transmission line to be transmitted to the station on a subsequent stage. 

In the above explanation, the WDM optical signal with the two wavelength bands is 
subjected to centralized amplification in the repeater station, but the optical signal may be 
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branched /inserted /transmitted from/to/through the WDM optical signal in the repeater 
station, as explained in the second embodiment. 

Next, the structure of the backward pumping part will be explained. 

Fig. 18 shows the structure of the backward pumping part according to the fifth 
embodiment. 

In Fig. 18, the WDM optical signal with the two wavelength bands which is made 
incident on the backward pumping part is made incident on a coupler 2 1 1 through a 
connector 1 5 1 , a WDM coupler 208 and a coupler 153. 

The WDM optical signal with the two wavelength bands which is made incident on the 
coupler 211 is divided into two. One of the divided WDM optical signals with the two 
wavelength bands is outputted from the backward pumping part to the aforesaid WDM 
coupler through a connector 1 54, and the other is made incident on a WDM coupler 252. 

The WDM coupler 252 demultiplexes the WDM optical signal with the two 
wavelengths by each wavelength band, that is, the C-band and the L-band. 

The demultiplexed WDM optical signal in the Oband is made incident on a PD 253 to 
be subjected to a photoelectric conversion. The output from the PD 253 is inputted into a 
CPU 258 through an A/D 255. Meanwhile, the demultiplexed WDM optical signal in the L- 
band is made incident on a PD 254 to be subjected to the photoelectric conversion. The 
output from the PD 254 is inputted into the CPU 258 through an A/D 256. Therefore, the PD 
253 measures the optical power of the WDM optical signal in the C-band and the PD 256 
measures the optical power of the WDM optical signal in the L-band. 

Meanwhile, a light source 209 emits pump laser lights with predetermined 
wavelengths, based on the signal from the CPU 258. The wavelengths of the pump laser 
lights are 1450 nm and 1485 nm so that the WDM optical signal with the respective 
wavelength bands can be subjected to Raman amplification thereby. The outputted pump 
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laser light is made incident on a coupler 1 56. The pump laser light is divided in the coupler 
1 56 and one of these is made incident on the WDM coupler 208 and the other is subjected to 
a photoelectric conversion in a PD 157 and its output is made incident on the CPU 258 
through an A/D 161. 

A wavelength which divides the wavelength bands (corresponding to a reject 
frequency) of the WDM coupler 208 is designed between the shortest wavelength of the WDM 
optical signal with the two wavelengths and the wavelength of the pump laser light. The 
WDM coupler 208 outputs the pump laser light which is outputted from the coupler 1 56 to 
the optical transmission line through the connector 151. 

Meanwhile, the pump laser light is reflected when the connector 151 is not 
connected to the optical transmission line and when there is a break in the optical 
transmission line. 

The reflected pump laser light is made incident on a PD 155 through the WDM 
coupler 208 and the coupler 156. In the PD 155, the reflected pump laser light is subjected 
to the photoelectric conversion, and its output is inputted into the CPU 258 through an A/D 
159. 

The memory 257 is connected to the CPU 258, and an optical damage testing 
program, a drive current value and element temperature for outputting an excited laser of a 
level PI, a drive current value and element temperature for outputting an excited laser of a 
level P2, allowances of an output Outplsl and an output Outpls2, a drive current value and 
element temperature by each pump laser light, predetermined values for detecting the 
disconnection of the optical transmission line 1 02 from the connectors 151, 154 and the like 
are stored therein. 

It should be mentioned that the level PI and the level P2 are the totaled optical 
powers of the pump laser lights of 1450 nm and 1485 nm. 
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A control signal circuit 1 65 is connected to the CPU 258, and carries out bidirectional 
communications of a control signal with the other stations over a control line. 
(Operation and effects of the fifth embodiment) 

The backward pumping part according to the fifth embodiment is different from the 
backward pumping part according to the fourth embodiment, in that the structure of the 
WDM coupler 252, the PDs 253, 254 and the A/Ds 255, 256 is used instead of the OSA 212. 

Namely, the optical power per lch. of the respective bands is calculated based on the 
output from the OSA 2 1 2 in the fourth embodiment, but it is calculated based on the outputs 
from the PD 253 and the PD 254 in the fifth embodiment, which is the only difference 
therebetween. The rest of the operation and the effects are the same with those of the 
fourth embodiment, and hence the explanations thereof are omitted. 

As described above, since the WDM coupler 252 demultiplexes the WDM optical 
signal with the two wavelength bands by each band, the light which is received by the PD 253 
is the WDM optical signal in the C-band and the light which is received by the PD 254 is the 
WDM optical signal in the L-band. Therefore, the CPU 258 can calculate Pc by dividing the 
output from the PD 253 by the ch. number of the C-band. Further, the CPU 258 can 
calculate PL by dividing the output from the PD 254 by the ch. number of the L-band. 

Thus, in the optical communication system according to the fifth embodiment, the 
WDM optical signal with the two wavelength bands after the Raman amplification can be 
almost flattened by controlling the optical power of the pump laser light with the respective 
wavelengths. 

Next, another embodiment will be explained. 
(Structure of a sixth embodiment) 

The sixth embodiment relates to an optical communication system according to the 
present invention. 
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In the sixth embodiment, a forward pumping is performed, and hence it is different 
from the fourth and the fifth embodiments in which the backward pumping is performed. 

Fig. 19 shows the structure of the optical communication system according to the 
sixth embodiment. 

In Fig. 19, the optical communication system is structured by including a 
transmitting station 301, a optical transmission line 302 which transmits optical signals with 
a plurality of wavelength bands sent out from the transmitting station 301, a receiving station 
1 3 which receives the optical signals outputted from the optical transmission line 302, and a 
repeater station 304 which is provided at one point or more in the optical transmission line 
302. 

In a C-band signal generating part 31 1-c in the transmitting station 301, a WDM 
optical signal in the C-band is generated, and the WDM optical signal in the C-band is 
outputted to a WDM coupler 3 1 2. Similarly, in an L-band signal generating part 3 1 1 -L in the 
transmitting station 301, a WDM optical signal in the L-band is generated, and the WDM 
optical signal in the L-band is outputted to the WDM coupler 31 2. 

The C-band signal generating part 31 1-c and the L-band signal generating part 
31 1-L like the above can be structured by including, for example, the OSs 81, 82, the WDM 
couplers 83, 84, and the optical amplifiers 87, 86 as shown in Fig. 6. 

The WDM optical signals in the respective bands are multiplexed in the WDM coupler 
312 to become the WDM optical signal with the two wavelength bands. The WDM optical 
signal with the two wavelength bands is made incident on a forward pumping part 314-1 
from which pump laser light is supplied, and sent out to an optical transmission line 302-1 
with the pump laser light. The WDM optical signal with the two wavelength bands transmits 
through the optical transmission line 301-1 while being subjected to the Raman amplification, 
and it is made incident on a band detecting part 315-1 in the repeater station 304-1. 
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The band detecting part 315-1 detects the optical powers of the optical signals by 
each band, which are amplified by the pump laser light. Then, the band detecting part 
315-1 sends its detection result to the forward pumping part 314-1. 

The structures of the forward pumping part 314-1 and the band detecting part 
315-1 will be described later. 

The WDM optical signal with the two wavelength bands which is outputted from the 
band detecting part 315-1 is made incident on a WDM coupler 316-1 and demultiplexed by 
each wavelength band. The demultiplexed WDM optical signals are respectively made 
incident on optical amplifiers 3 1 7-c 1,31 7-L1 , and amplified therein. After the amplification, 
the respective WDM optical signals are made incident on a WDM coupler 318-1, and 
multiplexed therein to become the WDM optical signal with the two wavelength bands again. 
The WDM optical signal with the two wavelength bands is sent out through a forward 
pumping part 3 1 4-2 to an optical transmission line 302-2 to be sent out to a repeater station 
304-2 on a subsequent stage. 

Similarly to the above, the WDM optical signal with the two wavelength bands is 
repeated through multiple stages while being processed in the repeater station 304 to be 
made incident on a band detecting part 31 5-q in the receiving station 303. 

The WDM optical signal with the two wavelength bands which is outputted from the 
band detecting part 31 5-q is made incident on a WDM coupler 321 to be demultiplexed by 
each band. The WDM optical signals which are demultiplexed by the each band are 
respectively received and processed in a C-band signal receiving part 322-c and an L-band 
signal receiving part 322-L. 

Next, the structures of the forward pumping part 314 and the band detecting part 
315 will be explained. 

Fig. 20 shows the structure of the forward pumping part according to the sixth 
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embodiment. 

Fig. 21 shows the structure of the band detecting part according to the sixth 
embodiment. 

In Fig. 20, the structure of the forward pumping part 3 1 4 is the same with that of the 
5 forward pumping part 1 14 shown in Fig. 1 1, except that a WDM coupler 331 is used instead 
of the WDM coupler 1 33, a light source 332 is used instead of the light source 1 43, a memory 
333 is used instead of the memory 145, and a CPU 334 is used instead of the CPU 146, and 
hence the explanation thereof is omitted. 

Three-wave laser light with the different wavelengths from each other can be 

□ 10 oscillated by the light source 332, and predetermined laser light with two wavelengths is 

p 

fll outputted out of these, based on the signal from the CPU 334. This laser light is the pump 

fit 

H laser light, and the WDM optical signal in the C-band and the WDM optical signal in the L- 

M 

band are subjected to the Raman amplification in the optical transmission line 302 thereby. 

£ > 

f[j A wavelength which divides the wavelength bands (corresponding to a reject 

jU 

«!| 1 5 frequency) of the WDM coupler 331 is designed between the wavelength band of the WDM 

Ci 

^ optical signal with the two wavelengths and the wavelength of the pump laser light which can 

be outputted from the light source 332. For example, when the pump laser light with the 
wavelengths 1440 nm, 1450 nm and 1485 nm can be outputted by the light source 332, the 
wavelength is set between the wavelengths 1485 nm and 1530 nm which is the shortest 

20 wavelength of the C-band. 

The memory 333 is connected to the CPU 334, and an optical damage testing 
program, a drive current value and element temperature for outputting an excited laser of a 
level PI, a drive current value and element temperature for outputting an excited laser of a 
level P2, allowances of an output Outplsl and an output Outpls2, a drive current value and 

25 element temperature by each pump laser light, predetermined values for detecting the 
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disconnection of the optical transmission line from connectors 131, 134 and the like are 
stored therein. 

It should be mentioned that the level PI and the level P2 are the totaled optical 
powers of the pump laser lights of 1450 nm and 1485 nm. 
5 Meanwhile, in Fig. 21, the band detecting part 315 is structured by including 

connectors 351, 353, a coupler 352, a WDM coupler 354, PDs 355, 356, A/Ds 357, 358, a 
CPU 359 and a control signal circuit 360. 

The WDM optical signal which is made incident on the band detecting part 315 is 
outputted from the connector 353 through the connector 351 and the coupler 352. 

p 1 0 The coupler 352 distributes a part of the WDM optical signal with the two wavelength 

SI1 

ril bands to the WDM coupler 354. The WDM coupler 354 demultiplexes the WDM optical 

H 

J"{ signal with the two wavelength bands by each wavelength band, that is, the C-band and the 

L-band. 

3 s 

fij The demultiplexed WDM optical signal in the C-band is made incident on the PD 355 

I s - 

15 to be subjected to a photoelectric conversion, and its output is inputted into the CPU 359 

O 

through the A/D 357. Meanwhile, the demultiplexed WDM optical signal in the L-band is 
made incident on the PD 356 to be subjected to the photoelectric conversion, and its output is 
inputted into the CPU 359 through the A/D 358. Therefore, the PD 355 measures the optical 
power of the WDM optical signal in the C-band and the PD 356 measures the optical power of 

20 the WDM optical signal in the L-band. 

The control signal circuit 360 is connected to the CPU 359, and carries out 
bidirectional communications of a control signal with the other stations over a control line. 
(Operation and effects of the sixth embodiment) 

In the optical communication system like this, since the WDM coupler 352 

25 demultiplexes the WDM optical signal with the two wavelength bands by each band, the light 
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which is received by the PD 355 is the WDM optical signal in the C-band and the light which is 
received by the PD 356 is the WDM optical signal in the L-band. Therefore, the CPU 359 can 
calculate Pc by dividing the output from the PD 355 by the ch. number of the C-band. 
Further, the CPU 359 can calculate PL by dividing the output from the PD 356 by the ch. 
number of the L-band. 

The CPU 359 transmits the Pc and the PL into the CPU 334 in the forward pumping 
part 314 through the control signal circuit 360, the control line and the control signal circuit 
147. 

Incidentally, without the calculation of the Pc and the PL, the optical powers of the 
WDM optical signals in the respective bands are transmitted to the CPU 334 as they are, so 
that the CPU 334 calculates the Pc and the PL 

Thus, similarly to the fourth and the fifth embodiments, the CPU 334 controls the 
optical power of the pump laser light with the respective wavelengths which is outputted from 
the light source 332, whereby the WDM optical signal with the two wavelength bands after the 
Raman amplification can be almost flattened. 

Incidentally, in the fourth and the fifth embodiments, the pump light outputted from 
the forward pumping part and the backward pumping part may not be attenuated enough in 
the optical transmission line. In such cases, optical components such as an optical amplifier 
may malfunction concerning a gain, an output level, detection of the disconnection and the 
like. 

Hence, in the case of the forward pumping with the residual pump light, a FIL which 
rejects the pump light and passes the WDM optical signal therethrough is connected to the 
optical transmission line in the repeater station on the subsequent stage. Meanwhile, in the 
case of the backward pumping, the FIL is connected to the optical transmission line in the 
repeater station on the preceding stage. The reject frequency of the FIL like the above is 
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designed between the wavelength band of the WDM optical signal with the two wavelength 
bands and the pump laser light. 

Moreover, in the fourth and the sixth embodiments, as explained in the third 
embodiment with reference to Fig. 1 5, it is suitable to detect the optical power of the residual 
5 pump light which is reflected by the FIL and use it for the detection of the presence or absence 
of the pump light and the adjustment of the optical power of the pump light. Since the pump 
laser lights which correspond to the wavelength bands in terms of number are included in the 
residual pump light, the detecting part of the optical power of the residual pump light is 
structured to demultiplex the residual pump light which is reflected by the FIL respectively in 
O 1 0 the WDM coupler and to receive these in the respective PDs. 

Til Next, the preferred light source according to the present invention will be explained. 



- s ; (First structural example) 

Fig. 22 shows the first structural example of the light source. 

= : 
f SS 

f[| As shown in Fig. 22, in the first structural example of the light source, pump laser 

tfJ 1 5 light by which the light being propagated through an optical transmission line is subjected to 
^ Raman amplification is oscillated by an LD 406 and outputted through a fiber Bragg reflection 

grating (hereinafter abbreviated to "FBG") 407 and a coupler 408. 

A reflected center wavelength of the FBG 407 is set to a wavelength to be oscillated 
by the LD 406, and a reflection factor thereof is set less than 10 percent. Oscillation 
20 wavelength of the LD 406 is fixed by providing the FBG 407. 

A drive current of the LD 406 is supplied from an LD drive circuit 405, which is 
controlled by a CPU 400 through a digital /analog converter (hereinafter abbreviated to "D/A") 
404. 

The CPU 400 controls element temperature of the LD 406 by controlling a drive 
2 5 current of a temperature adjuster 403 based on an output from a temperature detector 4 1 0. 
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The temperature detector 4 1 0 is a temperature-measuring element such as a thermistor and 
a thermo-couple, which is provided to closely contact with a base substrate 415, and its 
output is outputted into the CPU 400 through the A/D 409. The temperature detector 403 is 
a heat source such as a peltier element, which is provided to closely contact with the base 
substrate 415. Its drive current is supplied from a temperature adjuster drive circuit 402 
through the D/A 401 , which is controlled by the CPU 400. 

A part of the pump laser light is made incident on a PD 4 1 2 by the coupler 408. The 
part of the pump laser light is subjected to a photoelectric conversion by the PD 412, and its 
output is inputted into the CPU 400 through an A/D 41 1 . The CPU 400 detects the presence 
or absence of the pump laser light based on the output from the PD 412, and adjusts the 
output from the LD 406. 

This kind of the light source according to the first structural example preferably 
outputs the pump laser light with one predetermined wavelength, and hence it can be applied 
to the light source of the first embodiment. Further, by preparing a plurality of the light 
sources like this, it can be applied to the light sources of the second, the fourth and the sixth 
embodiments. Incidentally, in such cases, the CPU 400 in Fig. 22 corresponds to the CPUs 
214, 258, 334 in the respective embodiments. A control program, a set value and so on of 
the CPU 400 are stored in the memory in the respective embodiments. 
(Second structural example) 

Fig. 23 shows the second structural example of the light source. 

As shown in Fig. 23, in the second structural example of the light source, pump laser 
light by which the light being propagated through an optical transmission line is subjected to 
Raman amplification is oscillated by a tunable laser diode (hereinafter abbreviated to "t-LD") 
421 and outputted through a coupler 422, an isolator (hereinafter abbreviated to "ISO") 423 
and a coupler 408. 
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The t-LD 421 is a laser element which can change its oscillation wavelength by 
changing its drive current and element temperature. For example, there are a wavelength 
variable distributed reflection type laser diode, a wavelength variable distributed feedback 
type laser diode, a multiple quantum well laser diode and the like. A drive current of the t- 
LD 421 is supplied from an LD drive circuit 430, which is controlled by a CPU 431 through a 
D/A 404. 

The CPU 431 controls element temperature of the t-LD 421 by controlling a drive 
current of a temperature adjuster 403 based on an output from a temperature detector 410. 
The temperature detector 410 which is a temperature-measuring element is provided to 
closely contact with a base substrate 432, and its output is outputted into the CPU 431 
through an A/D 409. The temperature detector 410 as a heat source is provided to closely 
contact with the base substrate 432. Its drive current is supplied from a temperature 
adjuster drive circuit 402 through a D/A 401 , which is controlled by the CPU 43 1 . 

The coupler 422 distributes a part of the laser light which is outputted from the t-LD 
421 to a Fabry-Perot etalon filter (hereinafter abbreviated to "ET filter") 425 and a PD 427. In 
the PD 427, the received laser light is subjected to a photoelectric conversion to a current 
corresponding to the optical power thereof, and its output is inputted into the CPU 431 
through an A/D 429. The laser light which is outputted from the ET filter is subjected to the 
photoelectric conversion in a PD 426, and its output is inputted into the CPU 43 1 through the 
A/D 429. 

Half a FSR (free spectral range) of the ET filter is set to be longer than an interval 
between the shortest oscillation wavelength and the longest oscillation wavelength of the t- 
LD 42 1 . Further, light transmittance is allocated by each of a plurality of the wavelengths to 
be oscillated. Namely, target values corresponding to the respective wavelengths are 
disposed at shoulders of the light transmittance (curve between the two extremal values). 
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The CPU 431 measures the light transmittance of the ET filter based on the outputs 
from the PD 426 and the PD 427, and controls the element temperature of the t-LD 421 so 
that the light transmittance corresponding to a predetermined wavelength has the measured 
value. Thus, the oscillation wavelength of the t-LD 421 is controlled to the predetermined 
wavelength. 

The ISO 423 is an optical component which passes through the light in only one 
direction, and hence it prevents the light which is reflected by, for example, a connecting part 
of the respective optical components in the system, from being propagated to the end, and 
particularly, it eliminates instability of the t-LD 421 because of the reflected light. 

The CPU 431 detects the presence or absence of the pump laser light and adjusts the 
output from the t-LD 421 by detecting a part of the pump laser light which is distributed by 
the coupler 408 in the PD 4 1 2 and an A/D 411,. 

The pump laser light with the plurality of the wavelength can be stably outputted by 
this kind of the light source according to the second structural example, and hence it can be 
applied to the light source of the first and the third embodiments. Further, by preparing a 
plurality of the light sources like this, it can be applied to the light sources of the second, the 
fourth and the sixth embodiments. Incidentally, in such cases, the CPU 431 in Fig. 23 
corresponds to the CPUs 146, 164, 214, 258, 334 in the respective embodiments. A control 
program, a set value and so on of the CPU 431 are stored in the memory in the respective 
embodiments. 
(Third structural example) 

Fig. 24 shows the third structural example of the light source. 

As shown in Fig. 24, in the third structural example of the light source, pump laser 
light by which the light being propagated through an optical transmission line is subjected to 
Raman amplification is outputted by an LD array part 440 and outputted through a laser 

76 



diode amplifier (hereinafter abbreviated to "SOA") 443, an ISO 423 and a coupler 408. 

The LD array part 440 is structured by including eight LDs 441 with different 
oscillation wavelengths from each other and a WDM coupler 442, and laser lights outputted 
from the respective LDs 441 are multiplexed in the WDM coupler 442 and outputted as an 
output from the LD array part 440. A drive current of the LD array part 440 is supplied from 
an LD drive circuit 445, and which LD 441 is to be supplied with the drive current is controlled 
by a CPU 448 through a D/A 404. Therefore, the laser light with one wavelength or the laser 
light with a plurality of the wavelengths can be outputted from the LD array part 440, based 
on the control by the CPU 448. 

Incidentally, in this structural example, the explanation is made about the eight 
wavelengths, but any number is suitable. 

The CPU 448 controls temperature of the LD array part 440 by controlling a drive 
current of a temperature adjuster 403 based on an output from a temperature detector 410. 
The temperature detector 410 which is a temperature-measuring element is provided to 
closely contact with a base substrate 449, and its output is outputted into the CPU 448 
through an A/D 409. The temperature detector 403 which is a heat source is provided to 
closely contact with the base substrate 449. Its drive current is supplied from a temperature 
adjuster drive circuit 402 which is controlled by the CPU 448 through a D/A 401 . 

In the SOA 443, the laser light which is outputted from the LD array part 440 is 
amplified to a predetermined optical power. Its drive current is supplied from an SOA drive 
circuit 446 which is controlled by the CPU 448 through a D/A 447. 

The CPU 448 detects the presence or absence of the pump laser light and adjusts a 
gain of the SOA 443 by detecting a part of the pump laser light which is distributed by the 
coupler 408 in a PD 4 1 2 and an A/D 4 1 1 . 

The pump laser light with one wavelength or the laser light including the plurality of 
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the wavelengths can be outputted by this kind of the light source according to the third 
structural example, and hence it can be applied to the light source of the first and the sixth 
embodiments. Incidentally, in such cases, the CPU 448 in Fig. 24 corresponds to CPUs 146, 
164, 214, 258, 334 in the respective embodiments. A control program, a set value and so 
5 on of the CPU 448 are stored in the memory in the respective embodiments. 

It should be noted that, as shown in the broken lines in Fig. 1 1 , Fig. 1 2, Fig. 1 7, Fig. 
18, Fig. 20 and Fig. 21, it is suitable to separate each of the forward pumping part, the 
backward pumping part and the band detecting part into a first unit which is integrated to the 
optical transmission line and a second unit from which the pump light is supplied. For 

K . 

p 10 example, the forward pumping part 114 is divided so that the first unit including the 

■=:sr 

Til connectors 131, 134, the couplers 132, 135, 138, the WDM coupler 133 and the PDs 135, 

136, 137, 139 and the second unit including the A/Ds 140, 141, 142, 144, the light source 
143, the memory 145, the CPU 146 and the control signal circuit 147 are separated. Thus, 
by allowing these to be separated, the unit for performing the Raman amplification can be 



till 1 5 added to the optical communication system as necessary, after the installation thereof. 

9 

^" The invention is not limited to the above embodiments and various modifications 

may be made without departing from the spirit and the scope of the invention. Any 
improvement may be made in part or all of the components. 
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